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REPLCACMENT SHEET ® 9 February 2004 | PEGYLATI ON OF &k%ﬁﬁg ELD OF
THE I NVENTION This invention relates to pol ypeptides

coval ently bonded to I ong chain polynmers such as nethox V%tﬁg éne
glycol. This invention also describes nethods and reagents for the
reaction of activated pol ymer nDIeéuIes wi th various biologically-

i mportant pol ypenti des, LG & T 1V 33 BNy proteins that have
been identified and |solated fronthunan and anlnal sources have been found

to show pr Q 4 rapeutic potential. Geat -strides. have
been made in the metthigesitesnt i dant-thywicag %@jgﬂﬁzég £Ejglngpgych proteins,
relaplvely pure

in additi o] r,oducin uch protel

forms and re | ve%n gg?’ﬁ‘g %&ﬁt ﬁ‘?’l‘g.‘; PRI d& %Mmﬁﬁ:eﬁgcadvances

in relati o#% du%leoxm PriYatihyd cofe syighcabt errmat.:l ;an:ueit&:e daegerials,

many obstadegbﬁﬂwg-amggﬁadgni t for_use in
i ; R T 8 k2 TR Shd

clinical L ex many s pr-o elns to have
an extrenggvﬁghd? eﬂaPPigﬂﬁe H?%ﬁﬁ?&ﬂ%xﬁﬂths%%nhpusomldﬂngxumllpart
prot ei ns adsnprieiart podgpebhddser.um t hrough the ki dneys. The systematic

I ntroduction of relatively large quantities of proteins, particularly

t hose foreign to the human system can give rise to inmunogenic reactions
that, anof# 2 oBFoBE ﬁﬁﬂmﬁﬂﬂuorapuirmmvm of the protein from

EQFUB??W‘.L%’&Q“ fg‘d’“‘at?‘%@%t%ﬂ%ﬂéthﬁéé‘% R S e BB i

formul ati oot at‘ﬁ% p?ngl ﬁ Agyd twmtswmel ngvtee(himrqmm@r

addre55|ngﬁQNﬂhpwrpbbmusihgsmh@mrxnn&ﬂdwn&abﬁgﬁghegc<ygiéyt{gie i nert

pol ymer chairisat Os¢PeaBel ¥RGR! Wi& PThade in the methods for
identifying and Characterizing such preteins, in
addition to methods for producing such proteins in
relatively pure forms and relatively large quantities.
As the deVelopment‘process advances in relation to the
utilization of such potentially valuable materials,
many obstacles have arisen in formulating these
compounds for use in cllnlcal models. |

For example, many such brotelns have been found
to have an extremely short half life in the blood’
serum. For the most part, proteins are cleared from
the serum through the kidneys.  The systematic
introductiog of relatively large quantities of
proteins, particularly those ioreign to the human
system, can give rise to immunogenic reactions that,
among other prohlems, may lead to rapid removal of the
protein from the body through formation of immune
complexes. For other proteins, solubility and
aggregation problems have also hindered the optimal
formulation of the protein. .

One of the most promising techniques for
addreSSLng these problems has been covalently bonding
one or more inert polymer chains to the polypeptide of
interest. The most commonly used polymer is
polyethylene glycol (PEG), or monomethoxyl polyethylene
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interest. The nmpbst commonly used polymer is polyethyhene ¥ Sl-ﬁ g
nononet hoxyl pol yet hyl ene REPLACMENT SHEET 9 February Rz

(mMPEG . See, for exanple, Davis !et al. ni onedi cal Pol yners:

Mat erials and pharmaceuticals for JBi o,ng_dl cal Use, pp. 441 451 (1980)
PEG is ideal -for these purposes due to its proven non- toxic properties.
O her resear@ngealhqyﬁ@mﬁ)l | m pmlycagyﬁmé‘atggvglsyggrgh_ POG for
simlar purpgses.. 6}=_- éOJ Chep gol 263, pg. 15064
(1988). Nune ' X - TT] fre—coval ent .

nodi fi cati ontié ‘ isgeoPB - (4pdogpbat |(aﬁB)0)have

resul ted in ppe i@dlﬁi'e%'lfif Glﬁfééél @rﬁé’@é ACACEI 6bi §8! Brb prnce;rf.ln For
exanpl e, theogagyl ation ofOII-L 2 hatsliL ‘béen shown to decrseggela}?E cl earance

of IL-2 whilk ProReRtiar v %ﬁ'?ee‘ﬁtlfﬁ"@e?‘l:@he a8t hveyustldgedeyt oki ne.
The decr easegolyeayarttey 1 dtaailsgIvcerol nCPass etoef intieaey parpodein.

Degyl ly. K 5c4. | .
o pe b el 8 A Ko S Blorodt Mol Vo983 a0l et

(SOD) in bl oéa9§§r)um has been a critical barrier for the use of SOD for

the treatnent of vargeMeroG¥"PbellcsAnAVE Yo dldihBsedaVeesbgyn that the
pegyl ati on o{: SCD wi_l| Tﬁévnfﬁﬂflﬁ%o a de reased, clearance _rate.” See, for

exanpl e, Bt co¥elg SEA P @r%ﬁlnﬁon%P%e%ﬂ-%@N)
Aggr egat i on glyiceilsurndgegplatichy) gdvaasederhedpdat tthat adddxidd apt or .

that Teads tgesarbms Sileoollraloilo e&ttﬁgtgrwg&ﬁg b s Y

adm ni stered egyla ces
t he aggregatFBﬁ @ngyﬁé ‘H’te?‘nsm"bz p‘i*%‘-%e‘ﬁ?e’c‘h$ owHr &8I é@pr&;amttm al .

i ochem Bloublaanaﬂub\uﬁ IL~T8hiDg. n868sié9§£icaﬁbiyaQ@ﬂé&tﬁﬂéF%EH“at'on
techni ques tgc@ Q@%& ©of the cytokine. The decreased clearance
leads to an increased efficiency over the non-pegylated
naterial. Katre et al., Proc. Natl. Acad. Sci. U.S.A.
vol. 84, pg. 1487 (1987).

Increasing the half-life of Superoxide
Dismutase (SOD) in blood serum has been a eritical
barrier for the use of SOD for the treatment of various
symptoms. A number of studies have shown that the
pegylation of SOD will give rise to a decreased
clearance rate. See, for example, Confcrti~e£ al.,
Pharm. Research Commun. vol. 19, pPg. 287 (l1987).

Aggregation of Immunoglobulin G (IgG) has been
postulated as a factor that leads to seriocus side
effects to patients that are intravenously administered
IgG. It has been shown that the pegylation‘of IgG
reduces the aggregation of the proteins to prevent this
problem. Suzuki gt al., Biochem. Biovhys. Acta vol.
788, pg. 248 (1984).

The ability of pegylation techniques to affect
protein immunogenicity has also been shown. Abuchouski
and coworkers have studied the immunogeni¢ity and
circulating life of pegylated Bovine Liver Catalase.,
Abuchowski et al., J. Biol. Chem. vol. 252, pg. 3582




protein i.mmunogenicity has al so been shown. Abucho 'LA(]‘%\WQNGF Kers have
studied tie intaunogenicity and circulating life of pegy @E@%E%{e Li ver
Cat al ase.. Abuchowski et al., J.Biol. Chem vol. 252, pg. ? ACNVENT
SHEET 9 February 2004 -3 (1977). The addition of PEG groups to these

vari ous proteins decreases clearance due to the increase in nolecular

size of the pegylated protein. Up to a~¥ertain size, the rate of

gl onerul ar f Igtlj{@ti on of proteins is inversely proportional to the size of
the protei {3 ability of pegylation to decrease_ clearance, therefore,
is generally .not aThen@dditxdn ¢HWPHENYIPESSYFEUPRTFR ¥REFEEHEd to the

protein, but,,-dde; QyenakhelBlbechdnifiabtaeé thechbt ehed-<pii eim. This
has been boirne out b¥ cl.earance, studi es tha yanggfboEp the size of. the
PEG si de chBNLTMEFhELleRuRTe s BIFY 1RTFES BORE8E ro PR F° itre, supra.

The vari ous cintch 8 sfizpegyhat edter ciigbone=ctetratfidhriedidrearfince,

| nmunogeni ci_t a egat i; ' periiesyal Ios t at the
PEG f or ns aP‘%’?%%?ﬁ%e?gh&g‘%%%%lﬁg%ﬁﬁ%ﬁ%ﬁ‘ﬁa i FL%e b'B%ots"e""lsztléigQ%etﬁ%EG

chai ns becomrdhghhy - Bher abddidyd ofimecyhetipgs. §p &esFgnsf ei ns a. hi gher

apparent nolecul 25 nUuRi 0RherddidtdOUl &l HenBERELG ede andAtdtich sdEel d
charges on _the protein. Because of the mag% prom si n%r sul ts that have
been seen | PR BERYFFS F¥onn] &R JFERPBEEdaPeS P FoPT T4 e tBhnent of

PEG uni t s 't ccipel gpephlde dlacdiean welbghtopédinéhellteresl amoritein. t hese
procedur es iz, | DencAglatan: Al G LebEDALOdMAun: olnd e
pol yet hyl ene™"g ycoF. Gch activation 1S necessary in order to create a
bond bet weervaBaefEBOfy e rRiah I PN pBEE ST AT I oFhey of
coupl i ng pr operHEeS o FAEHY aiti td adiREeaotet Y1i-2 .01 deiths, reastawith free
primary amno groupsTgé 5ggigggyg%@%fgghogmgégfiated proteins in
relation to clearance, immunogenicity, aggregation and
physical properties all suggest that the PEG forms a
flexible; hydrophilic shell arocund the protein. The
PEG chains become highly hydrated and give %the
pegylated proteins a highexr apparent molecular weight
than would be predicted, and act to shield charges on
the protein. T
Because of the many promising results that have
been seen in this field, a catalogue of procedures for
the attachment ot DPEG units to polypeptides has been
developed. The key element in these procedures is the
"activétion" of the terminal~OH group of the
polyethylene glycol. Such activation is necessary in
order to create a bond between the PEG group and the
polypeptide. The vast majority of coupling procedures
activate the PEG moiety in order to react with free
primary amino groups of the polypeptides. Most of
these free amines are found in the lysine amino acid
residues. )
o In gé&heral practice, multiple PEG moleties are
attached te¢ the proteins. For aexample, in United
States Patent No. 4,179,337 of Davis gf _al., it was

found that to suppress imaunogenicity it is desireable



these free amnes are -found in the |ysine am no aci gener al
practice, multiple PEG noieties are attached to theﬁ%ﬁ%ﬁtgéélidé%gi ?%%}xarrpl e,
in United States Patent No. 4,179,337 of Davis et al., it was ound t hat
to suppress immunogenicity it is desireable REPLACIVENT SHEET 9 February
2004 -4 to use between 15 and 50 nol es ~6f pol yrrer per nole of polypeptide.
Because mul ti pl e PEG chai ns are _ge ral l. bag to each pol ypeptide, and
because theredpa %"%%W‘|§7 a Pgrg r (#"1 Vﬁr‘ﬁarrfé%?o%%zelﬁfeach
prot ein, thmmm little- effort to pegylate proteins to yield

hormgenous reactlongwdaqigg Q?fpl @9@5%&?65351-35 51%9.% ng',ogy, vol . 8,

pg. 343 (19 904, 584. of Shaw. reaction
specifity g%\‘fébd‘?‘fs °t%aﬁh ﬁglgPeBF %eﬁﬁﬁ@etme, are that
pegyl at i on afreica I Bg ud t Sabgeanaintyenf loc.falltydleﬁas s fdidyi iy &hichhe

pr ot ei n. gq;gp’aé):i h t r|t|c sine _resjdue could alter .
the active Site I¥‘[ hgﬁ%)?%tglg% hg%ﬁ'd&rii ﬁ‘-‘d‘e a‘J1fr? ivR.P ??Yil%g €been Shawn in
at | east oné‘ré-'%%leﬁﬁ ¥haYiepdghbargencsisn desat iion produatsy hsader ed
active si t@odgb@t@eragpr QiOté@h%P!]@:ﬁy @l | gu raiges F?% Pprr oach

| W

the. protei activity of proteins that.fteact 'ger,
substrat es g’af‘b&%ﬁ%ﬁgtyeal fry 208 PEA OF HPandTRIRlReki@f. Davis et al.
s a. The si pesetioni spepbfityt pdweaf :ﬁlﬁmw(ﬂ&iﬂtﬂa@ﬁ%ﬂ | ead to nodified
materials t esi tpon wthout the
e c@a&ﬂ&g% M?\QP;L;E e |de q'-ltat% 61\1?? pro ﬂa#g ?n?%h‘&é’d f or

| oss of activit I'n addi tion,
t herapeutic l%"t—:g LeRedfuft 'Fbgéls-ﬂé’éme-s ltﬁs)ﬁ mfe agtavivesaftthéromt he use of

non- speci f i @xegyint i Opréeaﬁab‘lw Qithfatiddrded t&@i@i@&i‘rﬁéﬁﬂeo‘c a
product Wi tl.. £ £RLQAUG,PLCaTRY Ch%%a%tc SR G PP eSS
rendering it inactive.

It has been shown in at least one system, that
pegylation can lead to sterically hindered active
sites. In other vords, relatively smﬁll substrates may
approach the protein, while the activity of proieins
that react with larger substrates can be‘dramatically
effected by random pegylation. Davis et al. gubra.
Tpe'site selective pegylation of such proteins codld
lead to modified.m§;e;ials that gain the desireable
attributes of pegylation without the 1oés of activity.
In addition, if the pegylated protein is intended for
therapeutic use, the multiple species mixture that
results from the use of non-specific pegylation leads
to difficulties in the preparation of a product with
reproducible and characterizable properties.. This
makes it extremely difficult to evaluate therapeutics
and to establish efficacy and dosing information.

In certain cases, it has been found that the
administration of multimeric complexes that contain
more than one biologically active polypeptide or drug
can lead to synergistic benefits. For example, &
complex containing two identical binding polypeptides
may have substantially increased affinity to the ligand



mekes it extremely difficult to. evaluate therapeutigsp ARHENG QsE2P! | sh
efficacy and dosing information. In certain cases, it hag iﬁ g4 that

the admnistration of multinmeric conplexes that contaln nDre than one
bi ol ogically active pol ypeptide or drug can lead to synergistic benefits.
For exanple, a conplex containing two identical binding polypeptides may
have substantlally i ncreased afflnlty t 0°Che Ilgand REPLACVENT SHEET 9

February 2004 v%?t wg s&te t hat bLn relative to the nononeric
pol ypept i de.® |s Feason, ?ﬁnfan?P ScOfpPExde i HhetBengnexache

de5|rable|rPQ#HEﬁPﬁdﬁauneﬁmE'émi$nreysouf the qisedeid donplsxkioard in

addition to f@ﬁggggn ght 5oL the | ex
frequently é% i eve gﬁﬁ[ﬁéigﬁﬁﬁg ﬂiem?gc?s %ﬁro%l1|:%%ﬁﬁit?%glﬁﬁFW a

-~er proteirfd Vh8r8r9¥%%9nﬁ?a%Eﬁp@éﬁaﬁﬂ Fﬂo=§ﬁ&ﬁaqnst@ $néteasinty to
achi eve t he thel nglezulelf asdidltit has ﬂhavéan&&l ble to mmc the
physi ol ogi cal effect Qéeﬁ gogquus r.ot ei ns. adn1n|ster|ng exogenous
proteins. However, whereé he B %ﬁ %ﬁﬁ TREIFr bdolegissdenbl y of a
conpl ex comﬂﬁfﬁﬁﬁsnﬁh§Qﬂqh1ImmﬁpmgteonswntnlquQxanﬁbﬁéiﬁth #ReFN C

the. functi e ®fm ma UARANOUSE POt §1-B8e &h h_geg&pnénantlg Lr oduced
exogenous q§g¥ %iépiﬁa se | he higher ef CONpl exes frequently
unstabl e. | Lirfﬁl"%l ot §8ﬁf~aé}eo'&§st @I[!%‘Eed:rm@;mkedtspem es
gonfalnlnglﬂmnmlofthhephyqxn&ﬂ§Sc@1 éﬁﬁfﬁﬁﬁﬁbexdﬁﬁt éﬂ&%% ﬁ s

i ol ogi ca 0 the inventlon described herein,
at Iegst thré@qégéggggﬁﬂgro §g%§§gH§u%cPFB%8 PRe %ﬁﬁﬁﬁﬁ?cwﬁ Rere
cross], i nked} oP&PASTIfRr 2 iFRCT exemuivbbukhe pestenbly obs ane of the TNF
receptors i scomplaghedritaidindaayye bl oloh %‘i’:e(ifngoi‘ée érg_%a— Wh' ch are

then Cross“dﬁ%ﬁgﬁg&%13§h fﬁu | e, PNgS s s oReBRe et enaogenous

vol .. 174, pg
proteins with recomblnantly produced exogencus

equivalents hecause the higher order conplexes are
frequently unstable. In such cases. it may be
advantageocus to use crosslinked species containing two
of the components of The complex to simulate the
biologically=~active complex.

_Subsequent to the invention described herein,
at least three research groups have described the
production of crosslinked proteins, where the
extracellular pertions of one of the TNF receptors is
attached to the heavy chain of human orx mouse IgG,
vhich are then crosslinked through disulfide bonds.
Peppel et al., J. ed. vol. 174, pg. 1483 (1991);
Ashkenazi et al., Proc. Natl. Acad. Sci. USA vol. 88,
pPg- 10535 (1991); and Loetscher et al., J. Biol. Chemn.
vol. 266, pg. 18324 (1991). In each case, the proteins
were expressed in animal cell expression systems, and
were found to be substantially more effective at
inhibiting TNF than the monomeric soluble receotor
alone. Similar procedures have also been used for-
producing sgimilar crosslinked proteins of the CD4

protein, (Byrn et al., Nature (London) vol. 344, pg.
667 (1990)) the CR1 protein, (Kalli et al.,

- XD.




Ashkenazi at al., Proc. Natl. Acad. Sci. US vol. 1) ;

and Loetscher et al., J. Biol. Chem Vol. 266, pg f%%%%ﬁ ﬁi%ieach
case, the proteins were expressed in animal call expression sy tenms, and
were found to be substantially nmore effgctive at inhibiting TNF than the
nononeric sol uble receptor alone. Simlar procedures have al so been used

for- ﬁ; oducijf%sl%tar 196098k ke Iy ofeble R aBLOLGN. (Byrn
. t t t el n, a | et
o et e Lo Y ebead Tk s el gl sihe TRERIGt LD (KAl LT

al .,
(1991) ; Helm.mgal. volD 281,16437 1(0.'@9(]])993)’1):1 the CR2 protein. (Hebell et

al . Sci ence, vol. 02 9 gse Crﬁﬁ% rQieins --
const r uct ed--of - t wo polfeséle "?lg?j%éﬁﬁ?{cégaéﬁéte ortion © %M%Qaﬁ%l body ---
have been sHe® P@lﬁﬁﬁé‘t&@@m%% atﬂ?braaww-eOna@énFa& 'Ilgﬁ @ndsidiadked

prot ei ns hawe- aRatracbease&hdii wlﬁvmﬂ&lséhaéhtaekﬁ atdecr ease the
rate of clearance of.the conpl.e om t he, bo I n adlelonto t he
appar ent enkfh%%’éﬁﬁht Be Exes 'l"ﬁ?et‘{/ Faﬁ"fr%lensgﬁ@(e. A8 tycmg&sed j gand.
However, thenpleculas wergdsi, nieich radts stonficerchsuethe rakeoryy been

pr epar ed by éﬁgé#ﬁﬁ}:’gn 'f“t?He@chzﬁeel:l B Or%ogo?%y \e/‘g%[d%éthe ebcg)ressi on

of fused genes nréequire tion of
the prot e| e oBEPRFeNS gahagiqeierdx plssheona £EANASY Pifokhe t he f i xed

heavy chai n pestedRsotot hthdigs Mitdiody HowéveSEr ¥AE pFdedpepacer or

| i nker betwe -pol vp tig units dqes not_ allow he. ability to
vary the Iec%?]%,gi%?l%g&oﬁ%geg}?ﬁ RFTHEE ¢ %v§p§8er‘are°§‘gﬁ’ &’ﬁ'@ appar ent
synergistic Et@EéFedchWe\ﬁe@Itgssm dimernimaproedlnexpiressidn kel y that by
varying the éggé{:b.ﬁ& by Lt?ﬂ:.t 8é na:rcf:beof’o%{gsﬁt {1 therﬂi%eﬁx% I Stic

|

benefi t tim.ze the cros ed prot erns may be
anti geni ¢ aﬁﬂ?ﬁp Egﬁ@lag%}éggéam&er to have the IgG portion of the

protein properly folded after expression. In addition,
the fixed heavy chain portion of the I¢G antibody that
sexves as the spacer or linker between the polfpeptide
units does not allow for the ability to vary the
length, size or geometry of the spacer. Given the
apparent synergistic effect achieved by the dimeric
proteins, it is likely that by varying the spatial
orientation of the polypeptides the synergistic benefit
may be optimized. And finally, the crosslinked

- proteins may be antigenic and/or have decreased
solubility. The heavy chain of antibodies is not
biologically inert. |

Other dimeric¢ or "bivalent™ complexes have been

described. One such group of dimeric compeunds has

been labeled hirulogs. These compounds are comprised

of very short polypeptide units that are linked by a’
short poly—glycine.spacer or linker. One of the
polypeptide units is a thrombin inhibitor — a 5 amino
acid seqﬁence taken from the €5 amino acid protein
Hirudin -- and the other is an anion-binding exocite
(ABE) recognition inhibitor. See, Maragonore et al.,
Biochemistry, vol. 29, pg. 7085 (1990): Bourdon et al.,



solubility. The heavy chain of antibodies is not A@é@g@g@thﬁ-gﬁgﬁf glher

dinmeric or "bivalent" conpl exes have been describe s @

di meric conpounds has been | abel ed hirul ogs. These conpou s are conprlsed
of very short polypeptide units that are |linked by a short poly-glycine
spacer or linker. one of the polypeptide units is a thronbin inhibitor -- a
5 amno acid sequence taken fromthe 6-anmno acid protein Hrudin -- and
the other is an anion-binding exocite (ABE) recognition inhibitor. see,
Mar agonor e EEB§ vol B 2henpgt r¥e3vghesa9,. pg. 7085 (1990) Bourdon et a

REPLACVENT SHEET  9-EQEuai\e2 @4 edin Fgggbyol: 29%a RGe 1634L991).

C-reactive protein (CRP) Is antacute serunlproteln conposed of five
i dentical 23REH™ HHARKFLIR. ceppossd Pﬁd@&¥31ﬁ%ﬁﬂ¥#ﬁﬁ%fzﬁkﬂélpltatlon and

aggl uti nat i suband tzan a®P c€ACinduth Qleﬁdtﬁoﬁ:td*va%h iﬁhﬁi%hca'
avg

conpl enment i nked ol rs. of .CRP, gn formed. using
bi s (sulph%gécéﬁggﬁé%égggﬁ%e?ﬁ e“or %&ff(fﬁ3ﬁt)‘
(sulphosucc&ﬁt#ﬁ@ﬂqnt##omhgeslaglccoy@memﬂnuup&gﬁﬂmﬁ. drasg et al.

I I , 9 bi I t
I ngsog%/o%{%lkeagﬁm% o%%?S(%gcé%foﬁg%efas éa%i}; ) E"‘ | nveét | g%t ed e

Non peptldlés 1) oRYREEF G drurTAtYpher es have been
connect ed bysu&bmdsuE¢Wﬁ£mﬁd9xpﬂenﬁbﬂiﬂéwIﬁtfﬁﬁﬁéésiiﬁifﬁgeﬁgéhts ‘Che
em

di ed. Chem : 1982 Por.t oghese et
vol . 29, pgax%g'%é(‘&“r% i?l}ér'a'g'e-ph %]]o'hé?c'n ?nk%a%I short
met hyl ene bri dges Wb@eﬁﬂﬂm&ﬂﬁQRIQ@@dgmeULCOorabgHamem(11q&ﬁ&@tors and

have been shewn terd@veng SﬁSE&ekec&%Jt%&té sy é\i@oa;}]ééﬁ' ty for the delta
S et al., Nature vo

receptor thgn ﬁ%g%cnqgén dgltall and. Shinohi ga ,

197, pg. 33 cNPRSBRPLIE Y] O gt eaRaERe ha% al so been
oxymorphamine pharmacophores have been connected by
short ethylene oxide or glycine spacers. Erez et _al.,
J. u'ed. Chem. vol. 25, pg. B47 (1.982); Portoghese et
al., J. Med. Chem. vol. 2%, pg. 1855 (1986).
Tetrapeptide enkephalins linked by short methylene
bridges have alsc been designed to target opoid -
receptors, and have been shown to have a greater
selectivity and affinity for the delta receptor than
the original delta ligand. Shimohigashi et al., Nature
vol. 197, pg. 333 (1982).

The cell surface glycoprotein CD4 has also been
produced in multimeric forms through a sugar-based
cross-—linking strategy. The cross-linking agent
utilized was bisméleimidohexane (BMH). Chen ef al., J.
Biol. Chem. vol 266, Pg. 182237 (1991).

Lymphocyte function-associated antigen-3 (LFA-

0 3) is a widely distributed cell surface glycoprotein
that is a ligand for the T lymphocyte CD2. LFA-3 with
its associated lipids forms protein micelles of eight
monomers which increased their ability to interact with
cells with CD2 on their surface. Dustin gg_gl.,__;
Exp. Med., vol. 169, pg. 503 (1989). :

In a somewhat related technology, one group has
studied the inhibitory effect of a synthetic




produced in multineric fornms through a sugar-based IQEFIQB% NN
strategy. The cross-linking agent utilized was bisma 6291280 BWR) .
Chen et al., S. Bio. Chem vol 266, pg. 18237 (1991). Ly ocyte -
function-associ ated antigen-3 (LFA- 3).is a widely distributed cell surface
glycoprotein that is a ligand for thegl | ynphocyte CD2. LFA-3 with its
associated lipids forns protein mcelles of eight nononmers which increased

t heir abil |§cyl)tgoe ﬂi@éaﬁhawl (2 c@@dﬂs—ig&a e CIR2 ﬁpé@@iﬁ surface. Dustin et
al., s FP 8 . Pg..503 (1989 what rel ated
t echnol ogy; edh%a%?%ﬁ% %%\S‘m%t"udl &8 ﬁ’@llvﬁfﬁ |“facﬁ f’é‘f“f”éﬁ?lﬁfid byy et i ¢

REPLACMVENT FRHEEer'i gatibnuprpceiose alqhﬂanﬂﬂnxﬁapha;phsrymnaquEd of a
repeating ReNY apepsi 8 aliBiuk- ﬁh%o@'a&% SrY.[f gﬁgifﬁg Ry ckhe

pol ymeri zati on £r ocedare wi t h di phenyl Si ze of about
10, 000 dal RETEARFREHDLY Air P?&d°‘p§rﬁeaﬁ;ﬁe?’t}blar-‘s DREUGFUFRE é@sent i aI
struct ures saeverszElebhblbghkagi calsporseanseyordty ada 1. al Ingknsty..

Bi ol . Macrqimly v Pg 7 (198 u {%g obstacle in devel op| ng
effective '@mj'bw%ﬁ;%#%} Vogtoléd %)Lgnt %_j @tb e)[e wi th endogenous
subst ances is that Aem ?b%)t‘-@chg nusdeVBéoadmgmesﬁfErcﬂrh.\s@/st ematically

rather thanheidgous ogabteeds! %ot*a& ORI An @é@&ew igfi s can lead to
| owner, efflcal_bc%/1 and to mgﬁﬁased si.d ects er al groups have reported

targeting SPERITIRPr SEBPHEDESS t’ﬁ"e dii‘?‘?%?"é"%?t%&"’ $ipEnRusE themto
ot her prot ehmsadmhaisharadaslyysdama&:manﬂzo&mﬁtézedthﬁltBaa.ﬁgch l'i nkages

are mde tyqugly se8 elﬁueh@nan%%gxﬁra-téﬂ%l d!Vvergfd BOR 1EEgetiN

pr ot ei ns ycol *$ I*I'Tnker uni have Jsed to
create anU%ﬂﬁ%It%fﬁgFégYs&ﬁér&mnkﬂﬁﬁﬁa%ﬁﬁeﬁiﬁ%eeﬁﬁ?@téi t Bevemstlant
invention. oreompochaval repotriteadRpating B o4Ot Die CAEELAgRR €8l s was
attached 4yo appropriate sites by linking them to other proteins

that naturally home on those siteé. Often such

linkages are made through gene fusions between the

active and the targeting proteins.

Polyethylene glycol spacer or linker unit ts have
been_used to create antibedy targeted superantigens
after the date of the instant invention. A monoeclonal
antibody reactive to colon carcinoma cells was attached
to the bacterial superantigen staphylococcal
enterotoxin. Rather than being designed to exploit the
benefits associated with the other bivalent complexes
(e.g., higher molecular weight; synergistic effects of
bivalency) these éoﬁplexes are designed to target
superantigens to specific locations. The pegylation
‘process described to form these targeted superantigens
Creates a complex containing a large mixture of
materials. The coupling of the antibody and the
superantigen was accomplishéd by the use of N-succin-
imidyl 3~(2-pyridyldithio) proprionate and a 24-atom~
long PEG-based hydrophilic space. According to this
procedure 7 to 18 spacers were attached to each
antibody unit and cne or two l§sines on each of the
super antigens were reacted. Dohlsten et al., Proc.




to the bacterial superantigen, stanhyl ococcal enterqﬁng Bﬁtrrgqu
being designed to exploit the benefits associated with

| 5}2 0 Aval ent
conpl exes (e.g., higher nolecular weight; synergistic effect f2

bi val ency) these conpl exes are designed to target superantigens to
specific | ocations. The pegylation prgcess described to formthese
targeted superantigens creates a conpfFex containing a large m xture of

mat eri al s. eculln af nt{ bo a tt;e.,._su enq
Reconp | s MithbyRBdy ket Wia V01 208K, gﬁ SSes T et i’g Jspri onat
and, a 24- Uasnmy thng REGCHRETe h’ydwephﬂl & sp‘-@@és-ﬂéb%r'ﬂ‘?ngsf’

procedure é $eé/\/eixe si-&ached Lpreashe amé bpgyaustt oand one or
two |ysi nes on ach super antigenS were reacted. Dohisten et al.
oc. REPLAGVERFSSHEET 9 Febr uary 2004 -g_ Natl. cad. 5c'. USA vol. 88, pg

5128-7 (Qctober, 1P93) grolipengs mmmmminawﬂiﬁhm hampirsgi ble to
i solate a sin c tQ Ze =h£ .Qd t 50 ocess. Two
groups of ?))r%f‘gifﬁ' gg"(;etus jf:gcrzlggggﬁﬁavf’%gttﬂsgl gm% [ ca‘%'l[:l a%% [ cgrtll %{15 for the
treat ment Wiriewydeof \wedbeyl ol nfdgntdonsndirea i -65mT aNecTesEor Necrosi s

Factor ( THe,dtpRhi é%.*ﬁrﬁbf Slﬁﬂﬂbi%et-l %lal &ﬂtéze@ﬂtm-z_aﬂba@wo&ts (11-1ra).
These materi al s have been. shown to ave gia effets in.the

treat ment IPERLFETRES | (T1~HER at e&'hfﬁsfe cBRVE Rt Fhe
i ndi cati ongot halvddendeioialleaffifkictd: dn ltmeng:mmmenﬂldf M @&md or |L-i

medi at ed, e.Adu L Di lﬁi‘ﬁ? one y Fibrosis,
Rheumat oi dﬂ" ﬁn Ciiﬁgé?n?r%ggm%teg’r ne%r e(hgése %Tr% eptic Shock
Copendi ng mslqaatmqprpbef:ca@w@nhsan ddegtifsed a3 being eifhsr
19,, 1990, wﬁ@%ﬂédf@t&& bECELPAr aettt athet i drdyaqaler Respinasary bes a

oL o O A SRl AR EP I LN B AR @ et hod fo
’ aArthritis, Inflammatory Bowel Disease and Septlc Shock.
Copending U.S. Patent Application Serial No.
555,274, filed'July 19, 1990, specifically incorporated
herein by reference, describes a class of naturally
occurrlng protelnaceous TNF inhibitors and a methed for
manufacturlng a substantial guantity of the same with a
high degree of purity. 1In particular, the
aforementioned application describes in detail two
subsets of TNF inhibitors referred to as 30kDa TNF
inhibitor and 40kDa TNF inhibitor. In addition to the
full-length 40 kXDa TNF inhibitor protein, two
truncated, yet biologically-active, forms of the 40 kDa
TNF inhibitor have also been produced. These proteins,
in which SL and 53 carboxyl termini aminc acids have
beén removed from the full-length protein, are referred
to respectively as 40 kDa TNF inhibitor AS51 and 40 kDa
TNF inhibitor AS3.
Copending U.S. patent application Serial No.

07/506,522, filed April 6, 1990, specifically
incorporated herein by reference, describes~a preferred -

- class of naturally cccurring, proteinaceous Il-l
inhibitors and a method for manufacturing a substantial -
quantity of the same with a high degree of purity. In



hi gh degree of purity. In particular, the aforenentg qQ; ENW

describes in detail two subsets of TNF inhibitors re §i§ kDa TNF
i nhibitor and 40kDa TNF inhibitor. In addition to the fuII rg R 40 kDa
TNF inhibitor protein, two truncated, yet biologically- actlve forms of
the 40 kDa TNF inhibitor have al so beemproduced. These proteins, in

whi ch 51 and 53 carboxyl termini amino acids have been renmoved fromthe
ful | -1 engt hpprdtisitiary ethef appbiicatdonedpscriikelsy ias dakraila tiEeenhi bit or

a 5| and 40gkbg ﬂEl\d.FefmlhlaiﬁDi §§13 bQQBeadhmclA %r&%mrmiﬁail on
Serial go. 07/506,522, fi , specificall I ncor por at ed

herein by rEPGERHRE %EE%??B%§5§ ﬁF&FéFFe&)rdﬂiﬂﬁxﬁ e Ty BETuUrri ng,
prat ei naceotizapl- iand nbibitakxs and a nmethod for nanufacturlng a substantial-

quantity of the samg) egr.ee. of r 0, RER NT SHEET 9
Fe. bruary 2004 _10 artlcﬁﬁgléﬁﬁ% s %:%ai$gn Erﬁ%gs‘hﬁ%ggféll t hree
such |nterlEG%Q?#F#¥#NU¥$%§B‘W§P€h ﬁeqnﬂaﬁmaaﬂqqmla vacketyrodnt agoni s"

(IL-1ra's) mem@rly.ihdiéstdonklarkr aate&ll@dxdlﬂ-r@xm?wl@dﬁétéﬂaal cl asses

f materialg that Ly ugeful for th t mant _of ty of
Tedi Cal. | noF O GG oL FRLBLEBERY n- JOCR o AR ot et

i nhi bitors. iﬂmgrmemkah-2nhnbludesLnter&eukmnaﬂarbéhptﬁiﬂﬂethéterlGUKin-2

T ecept ors, u t n e ors,

| er) ok noR Sl BUELLLPBELRBR 62" Mar R Fal ERERS) 2
|nterleuklnlﬁt%ﬁkF$¥b§n%nF§°GPt&ﬁya@F@ﬂﬂﬂ%£%ﬁx&#&¥#h¢ﬂ&8%dﬁhatn th e IL-2
bi ndi ng funﬁ@dﬁgnlibtEﬁte&teuahhbet ek @&ddﬁtﬂ%&W&ﬁnﬁﬂyLo§Y§ﬁ8H"nC|Ude

e §ncePLopthes | BRSEEEALRLIULEE BICY o Clulirualthon e rasment o
Potential inhibitors of the conmplement system include
the receptor CRl, the extracellular portion of CR1, and
the fragment of CRl1 that contains the complement
binding function.

Interleukin—-2 receptor has been described and
methods for its isolation have been disclosed in U.S.
‘Patent No. 4,578,335 of Urdal et al. and U.S. Patent
No. 4,816,565 of Honjo et al. The gene encoding
Interlieukin-2 receptor and methods for its recombinant
production have also been disclosed. European Patent
Application No. 89104023.0 of Tanigquchi et al.;
European Patent Application No. 90104246.6 of Tanzguchl
et zl. See also, Honjo et _al., Nature vol. 311, pg.
631 (1984); Tanlguchi _et al., Science vol. 244, pg.
551 (1989). '

It could be assumed that to some extent the
soluble extracellular domein of.either interleukin-2
receptor will act as an inhibjitor to the action of the
cytokine interleukin-2. Interleukin-2 is one of the
best characterized cytokines, known to play a pivotal
role iq“the_intiggn—spécific clonal proliferation of T
lymphocytes.— Interleukin-2 has also been shown to act
on a variety of other cells in the immune system.

There are three discrete forms of the




Interl eukin-2 receptor has been described and raet ation
have been disclosed in U S. Pat:ent No. 4,578,335 D?@%}'§q§h§:SWEEﬁ d
U"S Patent No. 4,816,565 of Honjo at al. The gen;-- enco

I nterl eukin-2 receptor and nethods for its r econbi nant productlon have

al so been discl osed. EurorMan Pat ent lication No. 89104023.0 of

Tani guchi et al.; European. Patent Apﬁﬂr ation No. 90104246. 6' of Tani guchi

et . al. Se nj Nat ure Vi 631 (1984);

Tani guchi - iﬁé géuggdﬁax§§ﬁﬁ°“Qﬂnlcﬁﬁprgggr FTQ&%% Fis %béﬁﬁ be assuned
that to soneeegpent-mdhacuiﬂﬂbﬁeseghaaedlbabﬁh:ﬂﬂ&uIL{drelahdr

i nterl euking >ypeceptor wll act as an inhibitor to the action of the

cyt oki he |nterFeuk|n 2- Interlaukin-2 is one of the best characterized
cyt oki nes, known t Ut apighgsfordtinidie Jur2 heeamptogedssglogidsedcl ona

proli-ferati®p ﬁi:onb.‘ﬁﬂthPﬁ—z'f‘EEéb%kds” 2 3% BB esp shown to act
on a variet of %th ceII in the ngune 5586 m There are three discrete
forms of -t CREVERH ~eBBfuard FESheTIeRki n-Bheedapt or

conpri sed o&ffm.tdtwsﬁmn@t receppopr (Ihkecn) evadestipmeddie 1984 and L- ora
and 1L2rJ3. hJEeb@eﬁhh‘%:Suaféﬁé‘fééétéh%eﬁeceR&?:rag.'d% camosed L wo distinct

| L-2 receptors Both of these receptors have een’éFUned'
char act er i 268%+ TR 0WT-af§3 hi (398422 r Thepeatageinwdanadontbnedti n 1984

and has beenemaleawaqiﬁlzeﬂol&&aaﬁouetwgﬁt o4 $25 VRha3hls PY. 631
(1984). The Xt§aaadﬁéél fona n % he.nol ecul ¢ has a no| ecul ar wei gh-t.
of 24,825 ah FH¥RRGY YR TEGRy FAtRSH sHFE%’m*H%CH%?ecuIe cont ai ns
11 cystelnernIBL@S\Mm(ﬂysﬂennasolnedofnwmnduéﬂméebmW@IvdﬂsﬂhfIde bonds.

The putatlvgngga%oﬂgdyiggy&@ggigidgn ngsnol@ﬁg ? en-ngpped bot h
by nutagenesLs an | t ope mappl ng ﬁ nterned T nf* y I L-2
recept or l?P&PﬁMﬁ%ﬁﬁ PrHeen the melecule have been mapned both

by mutagenesis and epltope mapping. The
intermediate affinity IL-2 receptor (Il-2rg) was cloned
in 19892 and has not been as completely characterized as
IL-2rae. Hatakayama et é;., Science vol. 244, pg. 551
(1989). The extracellular domain of IL-2rf has a
molecular we;ght of 24,693. The m01ecule contains 8
cystelnes and 4 N—llnked glycosylatlon sites. The
disulfide bonding in the molecule is unknown. TIL~2rg
has a cytoplasmic domain of 286 amino acids.

The disassociation constants (Xd’s) for the IL-
2 receptors have been determined. They are 10°®% for
‘IL~2ra, 10°°M for IL~2rf and 10°'M for the high affinity
receptor which consists of a complex of IL-2re, IL-2rg
and IL-2. Current models indicate that the formation
of the high affinity complex is formed first by IL-2
binding to IL-2ra and then to IL-2rf. Ogqura et al.,
Mol. Biol. Med. wvol. 5, pg. 123 (1988).

An inhibitor of IL-2 may be valuable in the
prevention of transplant rejection as well as
autoimmune disorders. Currently, a monoclonal antibody -
against IL-2ra that prevents IL-2 binding is being
tested in human renel transplantation. Hiesse et al.,

L.a_Presse Mediocge vol. 20, »g. 2036 (1991). In a




In 1989 and has not been as conpletely characterize akayana
et a}.., SC|ence vol . 244, pg. 552- (1989). The ext?ggz gﬂ%ﬁ%g%ﬁ%%ln of

I L- 2r$ has a  nol ecul ar wei ght of 24,693. The nol ecul e cont al ha
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and IL-2. Current nodéis indicate that the formiron gh @ffinity
conpl ex is foRnpHeVpRiing) 3410araradredeeoion- 2Facafentmal gordup 2r Q

F?EraZet al . getﬁ@hgbﬁuqheﬂwﬂbSQEHef51mﬂ@no%£§n£é§§§htsAn iy %%p|tor of ¥ -
--2 may val uabl_e i.n reve of . transplant rejection as_ we

as aut oi g8 Eo?éeﬁ&rQ§}§%;h n%?ﬂﬂﬁoc*oﬁa? g Ve BRFN dehested - 2ra
that preventdn] a- Bunmequldn$En$@ﬁ teshedindebliiiens,casdl well as ?

transpl ant atp8nsbh 85%8 t8larfl! 0 2036 (1991).
In a REPLACI\/ENfns EET F%ﬂnﬁgﬁsr %ﬁtﬁgg g;¥ %u?égpaggents t he

anti body, in*%¥ |ﬁEFP&nqﬁt?F'?n%ﬁﬁE%%%%r%é%eaﬁ?§ has been shown to be as
effective in prevermmng:.al aog:r@ﬂ:tezhejae.@d e MRArFed Ofb oL grouUP getting

hi gher dosesg ant |l evels of circulatin squbIe
| L--2rc have g% getec 5& ih éaﬁugg ?sﬁléegge gﬁ? M, as
wel | as trdﬁ%EF&ﬁVaPﬁOPQBQFr%?b%ttﬁmesIhaedsaggs&ﬁacmhmmﬂhuﬂﬁyn of I1L-2

in these di Se35$SC4BR1alxﬁ a@sw! el gral éé’nréiééri%ﬁﬁl%stth;é cls %
(0] er

r ecept or. is en%ﬁ$n ery throg¥ﬁ§s and a vari et
types, and speC|?lca%Ff ° %ﬂﬂ“?ﬁﬁﬁseeanéaﬁQ§:§§|&WHb|t t he
cl assical andfarterdics paidvweleatddE&Sotonysr aafdes4dNbyaEHat®r@ 1 cof act or

for the clearageon§ €3R1and £4AD-byniafl 0 edy. sci. usa vol. 75, pg.
5867 (1979). <CRl is a glycoprotein compased of a
s;ng;e polypeptide Chain, and there are four allotypic
forms. It is known that CR1 contains repetitive coding
sequences, and this fact is used to explain the
existence of multiple allotypes. Krickstein et al.
complement vol. 2, pg. 44 (Abst.) (1985). |

' The diminished expression of CR1 on erythocytes

has been associate@ with systemic lupus erythematosus
and CR1 number has also been found to correlate
inversely with serum level of immune complexes. The
CR1 protein, the CR1 gene and methods for the
praoduction of CR1l are described in WO 21/05047 and WO
89709220 of Fearon et al. As described above, dineric
species containing CR1 and portions of an antibody have
also been disclosed. WO 91/16437 of Hebell et al.

SUMMARY OF THE TNVENTTON

This invention relates to a method for
medifying polypeétidés and the resulting modified
polypeptides. -

'~ This invention includes substantially purified .
compounds comprised of the formula R;~X~R, wherein R,



Fearon et al., Proc. Natl.-Acad. Sci_ USA vol. 75, PLASEENTIS DR CRS.
is a glycoprotein conposed of a single polypeptide c al B Fe r§/|296$ are
four allotypic forns. It is known that CRl.contains repetitive coding
sequences, and this fact is used to explain the existence of multiple
allotypes. Krickstejn et al. Conplenengswol. 2, pg. 44.(Abst.) (1985). The
di m ni shed éxpression of CRI on er_ythocytes has been associated with
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correl ate Ie eI of mune .o |l e The
protein, thE%%ﬁﬂeé{ne&%%gmggl or theﬁ “produc E% n cﬁ e %?I&edescrl bed

i n WD 91/ 05047 WT‘BQBG'OQEEEO G‘fﬂd:@d-‘r ckeast ahe AF tbhecH .beddamgve,
dimeric speeg.grorARégtaLNG. CRi'nart%eO ﬁé@é‘é—:@é o8l @A haye, ] SO been
di scl osed. gﬁ:} 164 (if UMVARY OF T]H'E %%Iy N%Fl hi s
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i nventi on r&kafE§ & %?iie ‘?’BrthﬁDHFPVPngcpﬁng‘ég and the resulting
modi fi ed pollymlemss.n-frhmcen\t@m izt dgrhdsshe s sohsb_am;m@lﬁ Yndird £ 4 gd

conmpounds ¢ Qr T ein R1_REP HEET 9
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pepti dic pollfnﬁ@km%%a@eﬁroﬂ tﬁl@dglzoqmw@esiﬂe’-sgrmf wo lgicftfhardente gr oups,

and at | easyIgR 0/ pHLyBuydttyBecdd g RSPEP! | dekerlh [ REIRIAI ST ed
enbodi nment s fz ﬁ ect ed fromt group ccr-'s I'ng of
i nterl euki naflr%’ep?% a t& MO A 15 3 Lﬁf%?“ﬂ%b’ﬁé?lt? HQé‘dtIQﬁr$ﬂh| bi t or ;

i nt er | euki nAd sreecieptbudedd a@l@lph&mﬂna)é:euﬁuﬁ@i ectRBobL@NIME HnpPised
consisting gfe pﬁld&?tgﬁbélﬁﬁnt@&& é(% %k%?at eg gI cerol, dextran,
s and‘ car

colonic acids, E ani no aci s. Also
i ncl uded ar Eh&mm‘é iradilyc gosesriaie @@mpms(ed Furrtm inddsadedi al |y

purified compeunglschoda oFhanReauHd Gild YeesephalkeaCAtd Alor Ry Ler
I ncl uded
such pharmaceutical compositions. The compounds of the
formula R,~X-R,, 2s depicted in Figure 19, are referred
to as "dunbbells™.

This invention also includes a method‘ for the
preparation of substant :Lally purified the‘—aneutlc:ally
valuable compounds comprised of the formula Ry=X-R,
comprising reacting a non-peptidic polymeric group
having at least two reactive groups capable of forming
covalent bonds with the bioclogically active graoup R;
and isolating said compound.,

In an alternate embodiment, this invention
~includes a wethod for the preparation of substantially
purified therapeutically valuabkle compounds, combrised
of the formula R;-X-R,, wherein R; and R, are different,
comprised of: reacting a non-peptidic polymeric group
capable of forming covalent bonds when reacted with the
biclegically active group R, to form a complex R,—X;
reacting complex R,~X with the bioclogically active
group R, to form said compound; and isolating and
purifying said compound. — - '

In one embodiment, this invention relates to
the site-specific pegylation of TNF inhibitor and IL-1
inhibitor proteins.



conposi tions- The conpounds of the formula R3-X-R2, as dgpl '064Fi gure
19, are referred to as "dunbbells”. This invention also 1 ncludes a nethod
for the preparation of substantially rified therapeutically valuable
conmpounds conprised of the formula -P--"X conprising reacting a non-peptidic
polyneric group hayingrabrl €8ShaliWR 62 ME-SPLDB: €PgR! € of form ng
coval ent bonds th the biologically active group R, “and isolating said
conpound. , PRIYARECH N RAEYHohFert2IeRFs ARGeftrGTESch e il fret hod
for. the prepacat edmoaft srsiiwsivealy ywiphr theedreee sk diranls loF val uabl e
conpounds, lssed iddlss f - : reing_R e
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of fornm ng ReSHlaflBorerIReh thakteavalentiebipdsl @dimast y active group

R to formeaxeouRli®eltl v tHLACEHNGr60BR! 8 BFs¥eWrd i@?-bwl ogically
active groug Ri t,0, form said conpolnd; “and isglatin an purifying said
conpound. -TRIRIZHEL AR R PRERLYROLYEBN LB GdyY 9 < he site-specific
pegyl ation of TNF ishthi specdfdd elyyliathidn teay Moot @bne. aBERLAGMENT SHEET
9 February ; -1 0" RRlpLai Lt e-specif.i of . pegylation,
pegyl ati ng %ggggﬁé’ é'Jaibe&cg‘gﬁeléJé‘%cgdnﬁg% wgr%lter?'élaec? eﬁfr#n% S e%lehg%?gﬂ} with
the free - PPYYEsRtisie, Q5 tak nEreesryagtsises rontainsshidnigruteinexanpl e
of a pegylefi ehd engantalhptosoyat-en! pohividpraloms! opeidihys! ¥abo the
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i
may . ei ther_be add to or inserted rnto'the amn
locations: :

are nethods of treating patients in need thereof w theps MEm%qgéfutical
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In one embodiment of this invention, the
polypeptides that are to be pegylated are produced via
recombinant DNa technblogy from a bacterial host cell.
In most cases the bacterially expressed polypeptide
must be refolded to obtain-biological.activity prior to
the‘pegylation step. In certain apﬁlibations of this
invention, the native polypeptide does not centain any
free cysteine residues, but an altered polypeptide is
produced to contain at least one free cysteine in the
biologically active polypeptide. According to this
method, the refolding of the bacterially expressed
polypeptide is facilitated by the addition, in turn, of
a sulfhydryl containing compound such as cysteine and a
disulfide containing compound such as cystine. After
refolding and purification, the polypeptide is treated
with a limited amount of a mild reducing agent such as
dithiothreitol ("DTT") to regenerate the sulfhydryl
group of the novel cysteine residue of the altered
polypeptide. Following dialysis under conditions

“designed to prevent SXidation, the polypeptide may be
reacted with a cysteine specific pegylation agent to-
site specifically form a cdvalently nodified
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r egener at e esidye. .0 e

altered po %{Q&d@&h o%q'%&fgﬁé gﬁ%%%%%rg%{%%g ‘EﬂLL gng™ slrtfﬁf'éd to

prevent oxi ¥ Qﬁ#ntﬁﬁepéﬁﬁﬁéﬂgkﬁﬁrﬁﬂi%@ agdicreg™ ﬂP?h&&(nﬂﬁxﬂxmmspeC|flc

EE%&%VIE m agentat ounesntaeu&eegzgffaﬁllgﬂwm}‘;@m %zsgwah el M:d“tg}éﬁ o
Februar ol ypept i re ate

pol ypenni dé‘gﬁg“% in $RE03 )ém et | On r%‘¥£ %%%%EFFPC&# ﬂ%ﬁﬂgé?ﬁd TNF-

i nhibitors @Mﬂﬂhﬁlfrﬁhl NEGEQRQWﬂteEmﬁmti@nalﬂy, erlpagynah@d

descri bes p%@ﬂﬁ@@i@@%%ﬂ_wﬁga@&'i %?eﬂﬂﬁﬂg‘éoﬁéx{%ﬁf antagc_

ist_ Most preferred g ated TNFi'n |tors I nc I nhi bitor
wher ei n the”&%‘?h‘@?ﬁe“ fF*iTo ‘%’ﬁ*&#‘&l’ﬂ% la?-eboéﬁiﬂﬁén at FtioRs ndti ve
human pr ot eiva | s2thaaged itsa CySIrEIa[tﬁiltJﬁbﬂg neMet E@nNgItAGRRAsT st88d pegy?

ation has OGEidfde  any and all combinations of the various

mutations may be included within a single mutein to
create altered 30kDa TNF with more than one free
cysteine residue capable of being pegylated.
. The most preférred~pegylated IL—lra includes
native or naturally occurring iL—l:a, which includesr
four free cysteines. Mono peqylatioﬁ-of the native Ir.—
ira yields site-specific pegylation at cyéteine
position 116. Other pegylated derivatives of mutated
IL-lra include muteins having cysteine added at the

. amino terminus of the polypeptide, cysteine added at
positions 6, 8, 9, 84, or 141, and the replacement of
the cysteine at position 116 with serine. In addition
to the singly pegylated nuteins, any and all
combinations of the various mutations may be included
to create altered IL-lra with more than one free
cysteine capable of being pegylated.

Other aspects and advantages of the present

invention will be apparent upon consideration of the
following detailed description of the invention,

including illustrative examples of the practice of the
invention.



at the free cysteine at position 10-5_ O her pegyl at i ' of

nmut at ed 3CkDa, TNFi nhibitors include nutations V\herlgélél)‘/ éﬂé%}@ l\jz%%ﬁeen
added at positions 1, 14, 111 and 161. in addition to the singly pegyl ated
muteins, any and all copnbinations of tRg_various nutations may be
included within a single nmute-in to create altered 30kDa TNF with nore

t han one fre@Igzsbgk;@@Im'ggm%am@ImI@' ng pegyl ated. The npst
preferred pegylated |L-Ira | nclude native.or naturally occurring IL-Ira,
whi ch includes four ’f?‘é’éecés?spf‘ré’ 5 Whifo 3\ éi‘?’(ﬁ\o?e%h%“ﬁ%t P¥e IL- ira
yi el ds site-napbvief I&-egy ation at cysteine position 116. O her pegyl ated

derivatives of nutat -brag.l d ¢ 7 l.he_gadded at.
the am no-term nus %%u%%eb_pgfgggg%i S*é‘@%‘g‘{slt% %’é&dgse%é(g%g&%og%t ions 6, 8,
9, 84, or 1M3taNe BRED FINE HEMPEECrt he cysteine at position 116 with
serine. in addition pigutBesskighy REQYIRIRGIBHC SBs~-Biyeagd al |

conbi nationsmqf tpﬁ %r' Qus, rrue'g_atio%]s rrgg be igcgg‘g?_d to create altered
IL-Ira with WOPEFRa &G dBIXVRERE nECERBaBF e 267 155 AT ated-. Ot her
aspect s and muveanagésdsidfla HELplesent Lahegelti 0n @i kindb& appeyLidt upon
consi der at i e@?ﬁa‘%ﬁfon frdd o &9 Hekak! edpdgacr b.p%.‘nﬁﬂ 40of, fhedhvention,
including i 1Tudtrative exanples of the practice of the <invention.
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Figure 1 depicts theLaneny acid.-aeguence of native IL-ira. Figure 2

depicts the am no acg%gae%ugn%?ﬁ n%_g 30kDa TNF i nhi b'i'tor. Figure 3
shows the Coonmass a - PACE 0 P = and pegyl ated"forns of IL-Ira
and the nutein c84slaBse| B- -r mPBGAggs I4L-2%a 5 and 6 contain pegyl ation
reaction nixes. Lanegaheald.4 @@ ie TL-1ra

Lane S - mPEG gy, ©84s116 IL-1ra

Lane 6 — MPEG T, C84s1i6 IL-ira

Figure 4 depicts the monc § ion exchange
¢hromatograpgy cf: Chromatogram A, the pegylation
reaction mixture of mPEG,,, IL-lra, peak 1 is the
nadified and peak 2° is the unmodified Il-lra; and
Chromatogram B, shows the purified mPEGsmo' Iljra.

Figure 5 depicts a size exclusion chromatogran
showing the elution profile of several size standards,
and WPEGy,, IL-lra (fraction 7) and Il-lra (fraction
'13) . o

Figure ¢ depicts the reverse phase HPLC
fractionation of tryptic digest of alkylated MPEGgnqg
Il~1lra reacted with tritiated iodoacetic acid to label
free cysteines. séparation was performed on az Brownlee
C8 (2.1 x 220mm) column at ambient temperature and a
flow rate of 1000uL/min with a linear gradient.

Solvent A was 0.1% TFA in water and solvent B was
0.085% TFA in 80% acetonitrile and 20% H,0.

) Fiqure 7 depicts the reverse phase HPLC
fractionation of chymotfyptic digest of peptide 18 in
figure 6. Conditions were ‘identical to those in Figure
€. Peptides S5 and & contained tritium counts and |



unnodi fied proteins; Lane 1 - IL-ira Lane 2 - TPEGEQQSs| AcERT 3 --
nMPEGV&OO I L-1ra Lane 4 - c¢$4s116 IL-ira Lane 5 - WEG%F@?‘% IL-ira
Lane 6 - nPEGB500 c84s116 IL-Ira Figure 4 depicts the nono S Ioh exchange
chromat ography of: Chromatogram A, the pegylation reaction m xture of

MPEGSO !L-Ira., peak 1 is the nodified_and peak 2' is the unnodified
11-lra; and Chromatogram B, shows the"ﬁJr"lfied nPEGS000 IL-Ira. Figure 5

depicts a si ugi | Lhe _elut ' of
several sizé t%%rgsgadgnm(?@m%ﬁ(%gpor%% Y\%g‘g"%f‘rgcﬂ‘dﬁ‘g%wgﬁﬂra
(fraction FbH cysbgipe safepidantihied everteephase RPLC fractionation of
tryptic di gesirisbxphkyheied oS0 jvdLiiea reaskedwith »%é{é’t'tg&ed
| odoacetic %'(ytghlabel [ ee cysteines. Separation was performed on a
Br ownl ee C8 ?9‘ 1 'S 20BN W PR R RAY 2 t BRFSPROWE andthe *Rénor at e
of 1000L/ m madd hsegienesr off giimnide SHagns MiVhS seFitde TS i Hrwater - and
sol vent B 0. I5 % tonitrile and_20% H20.. Figure 7 depicts
t he reversgﬁﬁﬁaseq%é%%ggéﬁgg??gﬁ%ﬁ%ﬁﬁgghe%ﬁyﬁ%tFyﬁf'5%H?§§E¥Y 1Beptide 18
in -figureFRIRLRERH| SKEGhdanatdam i*flald thbtéuin cRiuptse Browephides 5
and 8 cont aipegekbidéti um counts and REPLACMENT SHEET 9 February 2004 -17
peptide 5 had the am; i ence | CTAYVEADOPVSL.  —The cysteine was
identified as the gg?.5§§n€t§§gg?§ th& BASFELR i Ve Y% s cycle was the
only one coftRAIFRMETatinns VarsKs Baivky rpomililfseodnmacunei Ih-spgaence of
peptide 8 begafyVht8dSeL-NG0RR ddvetd 7 plodh Beskl ROl ddi s, poptide.
al Founts

wth chynntangln permtted fractionation © tritrur omt he

Figure 9 shows the SDS-PAGE gel showing c¢105
30KDa TNF inhibitor and wmPES, and the separation of
unreacted 30kDa TNF inhibitor from mPEG ¢105 30kDa TNF
inhibitor by size exclusien chromatography.

Figure 10 shows a plot containing intravenous
plasma IL-lra concentration versus time curves for =
large number 6f singly PECylated IL~ira sPeciés, doubly
PEGylated IL-1lra species, and IL-ira PEG dumbbell
species. .

Figure 11 shows a plot containing subcutaneous
plasma IL-lra concentration versus time curves for a
number of IL~lra species as in Figqure 10.

Figure 12 shows a plot of plasmid IL~6 levels
versus time after the injection of mice with hrTNF.

' Figure 13 compares IL-6 levels induced in mice
by five ratios of cl105 30kDa TNF inhibitor to TNF ()
and five ratios of ¢l05 30kDa TNF inhibitor PEG,q8b to
TNF (B).

- Figure 14 depicts plasma IL-6 levels induced in
mice by TNF alone and one to one ratios of TNF to cl05
30kDa TNF inhibitor PEGy, and PEG g dumbbells.

Figure 15 depicts percent neutrophils induced
by varying ratios of TNF to ¢l05 30kDa TNF inhibitor
(A), €105 30kDa TNF inhibitor PEG,db (B): cl05 30kDa
TNF inhibitor PEGm_mdb (C):; and <105 30kDa TNF



peptide. Figure 8 depicts the plasma 11 _.--ira conq:g@g Ve tinme
profiles of mature IL-Ira, pegylated IL--ira, and s (gé{ﬁﬁ%@
muteins of IL- Ira. Figure 9 shows the SDS-PAGE gel shovm kDa TNF

i nhi bitor and nPEG and the separation of wunreacted 30kDa TN? i nhi bitor
from MPEG ci 05 3akDa TN’> i nhi bi tor by Ze excl usion chromat ogr aphy.

Figure 10 sho nt ai_ni I ntravenous plasma IL--ira concentration
versus time- cl\éﬁ'\k/)gt% E5\1'92‘14"&"ngril’ert%drrber of singly PEGylated IL--ira species,

doubly PEGyI at ed If_‘lgklaesﬂécﬁé@wsa@d HiGY rePHEG RiLnbehtravpboles. Figure

11 shows a QiQEmaC%)@izI“ﬁgF Suﬁﬁ%aﬁGQUéonEEﬁ%ﬁthbﬂ RGN &t i on
versus tinme curves a . hunber H}Eigemes as in Fiqure 10. Figure

12 shows a PPEVEST. cb"T A YE - 3%klP‘_év'1éF§ FEOFI eI et T¥Fection of
m ce.w th hifihElb ity PEE]R ,CamndaPes, LﬂQGahavebkwd\mectnmmmby five

ratios of c 30k NF 1 T agnd five ratios of c105
30kDa TNF |%%EM°PE)PBB§@J?&OQ%§ %Qé?UI‘NF %}'ﬁ |gure 14 depicts plasma | L-6
level s induced in FreBTEy IFNShEwhe anPtorroR%R babng asubsushn®NRs 0 c105

3 OKDat TNF tpmﬁlsﬁief o Ol'EigéBﬂdQ‘aﬂﬂhPE&or( conceﬁ%&ﬁbﬁ.[ldl\rf: \;é:ﬂ'sﬁi&o gc%mdé(Dge_Fl)_:\lgt S
percent neutrophils_induce var 0cC
i nhi bitor fQ' T W‘?ﬁ% ?hh%B%&r %g r SRAPELBHEPa  TNF

i nhi'bi tor PE_G _quj-trfé 36; and c105 30kDa TNF REPLACIVENT SHEET 9 February
2004 -18 inhibi tor E‘Egégeocibs (ddpicdd GHE 461 30PV5c8 BENG €ORLE ;YW

i ntravenous _plasma 30kDa_ TNF 1 hi bitor concentration versus tine curves
for native SEkPETNES | HHTHFR0ARC0EBS IBRBEETRECHmPHi PAPLPERISERD-and
PEG, , , QQ) an053GidsTdF: inbi bi t or

Figure 19 depicts the bas:.c structure of
compounds of this invention having the general formula
R;~X-R, that are referred to as dumbbell compounds.

ETAILED DESCRIPTION OF THE INVENTION

This invention involves the selective
modification of pharmaceutically useful polypeptides,
in particular, Tumor Necrosis Factor ("INF*) inhibitors
and
interleukin-l ("IL-1") inhibitors. More specifically
this invention describes the selective modification of
30kDa TNF inhibitor and IZIi~1 réceptor antagonist
("IL=1lra"). The selective modifications serve to both
enhance the pharmacokinetic properties of the
polypeptides as well as to provide homogenous
compositions for human therapeutic use.

‘ aAdditional polypeptides that may be selectively
modified according to the procedures of this invention
include interleukin-2 receptors ("IL-~2r") and CR1. All
references to interleukin-2 receptor shall be construed
to include both « and g chains of IL—-2r unless stated
otherwise. -

In the preferred embodiments of the invention
the modified polypeptides and DNA sequences are human.



PEG3500, PEG Q QQ and PEG ,,,,, dunbbells. Figure IeshaoefmidteT
cont ai ni ng subcut aneous plasma 3CkDa TNF i nhi bitor concgpﬁ&ﬂﬁé goggrsus

time curves for a nunber of 30kDa TNF inhibitor species as . I'gure 16.
Figure 18 depicts the solubility of 3 solutions of native IL Ira and c84
IL-lra PEGPsQQ by plotting OD.. 405 versus tinme. Figure 19 depicts the
basic structure of conpounds of this i TRVt i on havi ng the general formula

R - X-R2 t hat fe npounds. DETAI LED DESCRI PTI ON OF
- THE- | NVENT] Hoﬁl{re}ﬁfag i Rogﬂ:tr%%né%-%o?vglg‘l:‘lt‘h%g%ef’ecﬁ -rPo‘a’r?PEat i on of

phar maceut i GAPRGL09¥r etitnspaninet, DNRnaparpEQWAﬂe SewmendBsr €si s Fact or

("TNF' ) i nhithéohanadnGodnl eriaki Ponia(Oblilok J3uy Ri re
specifically I on dgfgrlbes t he sefect|€%§rn%#$§%a 6n of 30kDa

IS _i.nyenti
TNF |nh|b|torcéﬁﬁ PE- % Pt e &R Bgoni st ("IL-1ra” ).. The selective
nodi fi cati ons serve Im danehembnldamﬁ Jhaeqdharamcaki get ianB. ?3_% of the
$ u

po. | ypepti desr agpue MRosi tions

t her apeutic use. hAdbhﬁ%%%ﬁ)po ypep gggiﬁg?snﬁf‘ﬁf%ﬁﬁ¥%t?9@@yngnod|f|ed
accordi ng t o-9HE FRELBIREYRITS Hra th@enblmpeppndaakbﬂruﬁtéﬁégtnig
receptors (aﬂsztérépe&miﬁaﬂhaﬁﬂér refﬁéegggécggdlgﬁxﬁﬁ%gé 32 ecept or

shal | be constr acl ude and p chains tRFEsREY at ed
ot her wi se. IB% ﬁg pre?érre t%ﬁ?ﬁih% 8? YRE-NFY Bdy@mept bdesodEf i ed

polypep|des-%ﬁﬁ?tmﬂtsequewwsaramfyrbmmh:ofﬁ@ié@NEdeSﬂi5% ﬁh@%gﬁgag 2004

- 19 However,tﬁé) ;Bbsyﬁéb%&héé"a&né@%&%sb %‘;r;%c%agp dhﬁﬁi;&ﬁnééﬁgﬁg

ani mal nd ffﬂ e segyences to
|ncluded\Mt 5 atioh, Pracasf deseehpednherein. The method of
the invention includes the selection, production and

SCreening of desired nuteins that will meet the
objectives of this invention. Tn other embodiments of
this invention the method for modifying polypeptides
requires merely that the modification be made so that
the resulting product be available in substantially
prurified form 2s that term is defined herein.

In certaln embodlments, the modified
polypeptides of the present invention will be bonded to
long chain polymers at specific positions of the amino

.acid sequence. The modified polypeptides of the
praesent lnventlon uill retain a subs»antlal portion of
their b;ological activity. In the preferred
erbodiments, the modified polypeptides will retain at
least one tenth of the bioclogical activity of the
native polypeptide in a receptor binding assay. In a
more preferred embodiment, the modified pPolypeptide
will retain at least one fifth of the biological
activity of the native polypeptide, and in the most
preferrgd embodiment at least ‘ene fourth of the
activity will be retained. 1In additicp, the nodified
polypeptide will serve to improve the pPharmacokinetic
performance of the native polypeptide in at least one
©f the following areas:

1) increasing the apparent molecular weight



I ncl udes coval ently bonding |ong chain polyners'to t %)9

interest in a site specific manner. The sel ected pol ypepti des

native or naturally occurring polypeptides of interest, or they may be

bi ol ogically active rrutei ns of the pot3fpeptides that have been produced to
enhance the gl fication rocess descrihed_herein. The nmethod of the

i nvention i 88 & Yol %th%‘ﬁ?"b‘r‘ﬁdﬁi‘t‘roﬂeaﬁﬁ FEBTHDE B desi red

mut ei ns thaclwalrlanmetratﬁae fobl exingesubtutansosyent iystdmiot her

enbodi ment s, gf ; n ;Ris-d cﬁ,p.tlon the nethod for nodifying pol ypeptides
requires nere t hat t e nodification be made so that the resulting
product be avai I abl 81i n $UFFeaMing She RATURIELL LY oPf the nefkdveermis

defi ned herﬁbmypletp&eré dird @@ib@&geewu t§BRAsHOGK | ed pol ypepti des of the
present invention? |1 be bonded chai n rTE s at ecific
positions of the antho é%ﬁ?e ”ci'rrf%efﬂfo‘f*? %o i}&eﬁlﬁ € of the
present inveatvpepltiides et al n a subst antial portion of their biological

activity. In the pr gaeﬁgﬁg SIRAAABALS o 4 h@ném.{iﬁiréﬁﬁlB?ﬂ y%%%thl degs will

retain at |east one tenth of t{he biological activit nati ve
pol ypept i deCRRSE [FTSBALIVEF Ndihy BEsaFCorRlishest-e &@fféﬁlﬁied enbodi nent ,

t he nodi fi eprpdenent idmodihéntet afntata hﬁ&&hﬁmﬁi fittHd Dén& henkigl 0gi cal

activity of nost referred enbodi nent
at | east ﬁblisourt Jﬁf%&%&i#g@hyi Ilgl e:orlet r%‘ﬁ“”f‘#%‘a‘ah ion, the
modi fied pBPYY&Rttient gldeele td Pnﬁweﬂeﬂlﬁe\eplﬁilﬁrmbkunetlm.
perforrrancebef r@ﬁf@éd\@ﬂ@éyasﬁt haepzb ghdl %a%oﬂm&‘etrﬁ)é he ol I'owi ng

gr eas: |ncELe%g:}’c¥?_Ltheqﬁ.g}r ﬁn nol ecq ar ewe| %t REPL{__A NT SHEET 9

ebruary 208%2-Y FHe BB pEpttd@earE  SToTRD, £ s cFREGE he

cl earance r%he faggmyximgseboolanedas eeigpst @0 che polymeric unit
will be given in subscripts. For example, a
monomethoxy polyethylene glycol unit of approximate
molecular weight of 5,000 will be depicted as MPEGgy,,
or PEGgy- Other long chain polyrers included within
the scope of this invention are polypropylene glycol
' ("PPG"), polyoxyethylated glycerol ("POG"), dextran,
colonic acids or other carbohydrate—based polymers and
polymers of f-amino acids and biatin derivatives.

In an alternate embodiment of the present
invention the long chain polymer unit is dihydroxy
polyethylene glycol, or HO-—[CHZCH,_O) ~H. When activated
-to bind covalently with polypeptides or other
bioclogically active compounds as described below, the
d:.hydroxy material will contain two reactive sites.

In the preferred embodiments of the present
invention the long chain polymer units are bonded to
the polypept_ic_ie via covalent attachment to the
sulfhydryl g‘r‘é‘up\ (=SH) of a cysteine residue. To
obtain selectivity of reaction and homologous reaction
mixtures, it is useful to utili;:e_ fur:::tionalized
polymer units that will react specifically with
sulfhydryl groups. The functicnal or reactive group

_In one enbodi nent, the et hod of nodification of “ﬁ%ﬁﬁéﬁlﬁhgﬁ ﬁl



adm nistration; 2) increasing the solubility of the ﬁ?pLngE@QJgpggﬁide I n
aqueous solutions; or 3) reducing the antigenici.ty o heraRLENS 004
t hese

pol ypeptide. In many enbodi nents of the invention, each of
objectives will be acconplished. In the preferred enbodi nents of the
invention, the long chain polymer will,ke polyethylene glycol or

nononmet hoxy pol yet hyl ene gl ycol. A polyeéthylene glycol unit will be
referred toah@uﬂhedwtﬁEEhando@dﬂwnﬂmﬂfEBWmeOIygtggkgggegl¥5pl unit will

be referred T rQX|nate nd]ecy a of the polyneric
unit  will BhgeﬁééﬁﬁgﬁigﬁbggFiQ% TS ! & ag"ﬁbﬁgﬁeﬁﬁGyPspolyethylene
gl ycol unit18f d%ﬁﬂn@éle#nu@@uhmﬂumygﬁmlfﬁv5:690gnbhb bendeqi cted as

MPEG 5000 i iREGRA0A. tﬁegﬂal&nga% i i 6! Udgd o W|th

aﬁ &? H%M t he scope
of this Inv?E&dﬁ56¥%E£ %rgg¥]ene gl yco PP pol y

gl ycer ol &ﬁﬁHQ:QﬁHQEFCﬁrQIﬁéleéalﬁshydrate based
pol yners and poIynhctuﬁhtﬁdeﬁdm&ﬂﬁﬁkﬂspaQQe&yyléhéﬂglyggiges In an

alternate Hﬂggt f e |nvent| al n pol yner unit
is di hydroiﬂgg%ol Vet |E‘£‘n§ gﬁ%%é%’& Y’d’—ﬁd‘ﬁd)‘eﬁgH‘th%éﬁ‘déctQK/ated

to bind covaf&nBdt KW?ﬁlﬁoP aépbl@@?(nﬂanluﬁactablvgreabtivachkye

conpounds a& d@ﬁ@ﬁubeaf hy nt ai n
reactive SI£§ l.n.the gg&?:ﬁfﬂgﬁgﬁ%%dlﬁ%ﬁ?%b£$6§%%§%%2%%%?C%}ﬁ$bﬁ{ on the

| ong chain po TR FEoRS) 48 &9 1ynrpplgpepthdeactiveteal ent
attachment dhykaroxyulpdyreyhydreosp ,gl(ycfdﬂ)s-@ioﬁ axpt @tﬂgrl’ gehgdye To

obt ai n sel egt t n S,_reac m xtyres, it is
useful to ufltﬂg?géﬁmi?o aFﬁ%% %J¥ ¢) Li?s Yﬁ%i WRRFCr Bath

speci fi cal 1§° Rﬁﬁq%ﬁdk9lf@F@Uﬁéumhhgklﬂuﬁhamem oonplRarbsY @hgh@lp

REPLACMVENT SWEEBo 19 debt Jaey achn.ned by a long chain pelymeric
unit.

By utilizing the different rates of reaction
that would be found between the activated polymeric
linked group and different cysteine-~containing
polypeptides and by the kinetics of the reactions, it
is easily witpin the skill of those in the art te also
produce dumbbell complexes where substantlally purified
compounds can be formed comprising two different
polypeptide groups, or comprising a single polypeptide
group and a different biologically active group.
Examples of such heterodumbbell compounds are given
below.

The extent and avéilability for reactien of
cysteines varies drametically from polypeptide to

‘polypeptide. Therefore, in the biologically-active
form many polypeptides do not have “free® cysteines, or
cysteines not bound to another’'cysteine. In addition,
the existence of "free“ cysteines does not wmean that
cysteines are accessible for binding to reactive
reagents. Since the modification usually occurs on the
active or three dimensiona11y folded polypeptide,
little or no reaction will occur when a free cysteine
is found within the "interior" of the folded structure.



activating group. Activating groups include the maleim %g &ﬂy
group, thiol, triflate, tresylate aziridine, oxirare an pyT
preferred actlvatlng groups are =.aleigides. Activated di hydroxy
pol yet hyl ene gl ycol s, because of the pfiysi cal separation between the ends

of the pogyrﬂfeheﬁaeense&-smauhwmd%H@C;sa éﬁatlsaghégn%h@ the

nol ecul e ropriate selection react1 on ‘con

pol ypept i dés"t?%%‘-é&t FEAREE tHenFRCHEF ST IRT IR ekRY e yesl heor any ot her
mul ti-, actiawtpdel sfgechdi RheobyIRpaptide - W the :ﬁ@@xnmtﬂonpalfypﬁpt | des

to form dymk @é&ﬁesnaeﬁﬂgcgg%e% SASLS A0 polypeplides are ol ned by a

| ong chain uni y Ut zifng He d| §eTeh Sf action
that woul d abet vengibet wesn efifecidvialat ettieépaftmtﬂ!mhel PRy peruigieand

di ffter ent cw&:el aﬁeﬁoalt %h:'@a?ﬂ a@altzyaesptmm aa?%@a £he Eé@@b‘tt%&t of lthe
reactions, ily i ose in ar o al so
produce duﬁHﬁEYP Egﬁgﬁexég %éégiﬁﬁiﬁm|é§Iﬁoﬁur???ﬁﬁib&SWpGﬁhds can be
fornmed conmE¢singtely griecdcentwhipdl wpepte tee grespduesr magnpei si ng a single

pol ypeptid i3 nt, biologically active group. Exanples of
such hetergﬁﬂﬁ%gg?ygﬂg %gﬁh §E§€e given below The extent and availability

for reaction of cj%ﬁ%|%§§ev§?¢e€rﬂr§%§9|&%HSF fhen gItadegd i de to
polypeptlckpoﬂypéptaaesIdrdly%dadHéHM€KA¢Yb@ﬁta£ﬂ a8@5 W5 BRAY Pol ynent i des

do not have,, o nes, Of st.el nes. not nd.to anot her' cysteine.
in addition; ;§§§n§x¥§ e%&?ﬁﬁ ' "“% s?%+%%§pgb§§ ﬁﬁt mean t hat

cystei nes aFeceebisentily mrodviars ngia ooare‘eerwb expugestion,Stuhee t he

rmldl fi c?t :j qribﬂsaaHiyreo tse.:.%s% Ky aﬁ&w@féfet@ieﬁ éhEEB ga'&iit |y folded
pol ypept i de e or reaction w occur rée ¢ys eine is.
f ound Wi t hi eFﬁgaipﬁtgﬁ(ﬂﬁ iﬁﬁfﬁ?ﬁ d s??uﬁgaFﬁlonr he

cysteine must be accessible to the pegylating reagent,
and the pegvlated cvsteine must not significantly
interfere with the active site of the polypeptide.

The selection of potential sites within a given
polypeptide for the-introduction of a non-native
cysteine can be influenced based on various sources of
information. For example, glycosylation sites may be a
good site for a mutation to include a free cysteine.
To the extent that informatioer is krnown about the
binding or active site of the polypeptide, that
information can alsc be used to select potential
muteins. The addition or substitution of a cysteine
residue at the amino tgfminus or carboxyl terminus of
the polypeptide is alsoc a likely proépect because of
its location. And finally, the mutation of lysine
residues to cysteine nay be considered based on the
assumption that lysines will generally be found on the
surface of the biologically active polypeptide.

Although a variety of potential muteins can be
selected for a given polyveptide that may meet the

f hydryl

-21 attached to the long chain polymer is referred HﬂEP%ﬁﬁﬁENTﬁﬁi%ﬁf
The

desired characteristics, it is only through the
synthesis, pegylation and testing of such altered



REPLACMENT SHEET 9 February 2004 -22 A further consigmiAdppRersmeh fyi ng
pol ypeptides is the potential effect the nodification ngy éﬁgggoghe

active site of the pol ypeptide. The nodification of a cy.steln aving a
certain proximal relationship to the active site may effectively
deactivate the polypeptide. Even when a great deal is known about the
sel ected polypeptide, it is difficult, T23not inpossible, to accurately

predict Wich_cysteine. residues, my, be effectively mdified. The same
factors al so E?%?ﬁ“ﬂuﬁ?ﬁﬁn%ﬁeﬂlggoPﬁpéBPV@e§ e froducB8ethibecont ai n
addi tional cybfjeictavessialfieshe\heaskhe poivgperitdrtde iBn Ieghtnbimamiy
produced via |+ LO oh~natj ve cysteines may . interfere
with the pr opg?‘%?{eeflg%?ﬁr%p& g‘?ﬁ%hgezﬁ%?%&e%f{lﬁg’. %I"n“ a‘%‘f %‘Fl?et ﬁ% t&%steéi ne
must be accesSkbldad im gST Rt i AYchesyorrhesishd pegy bafibat atdcyst ei ne
nust not si gntbls®AMg Year MEr H8ELoYRER tHErARIH Uh&id eeﬁ{ae fhenRAiRGp! i de.
The sel ection gIF%ﬁﬁﬁgilal SILG§ W thin a %%ugpéﬂfolypep |5e
for-theintrod&&t i PHICHEEr vERAE &V E T AFED LI L EREBd Hased on
vari ous sour cpelypeptiids nettantoFerdexanthe mloiesidal | gativies By e a
good site for T?#%# { a4 NGl ~astr ei - ext ent, t hat

I nformati on igokno t%%%%?t?hg Eg?ﬁ%ﬁ%b%ﬁﬁﬁ%gai&gggi ép%$$?ﬁ8n§09§b3§F?de,
that i nfor nePPEFREGPRANSLEE DeEforsanss af tha orlvbertide mey The

addibtioln or sglirsstaitﬂlgtihﬁbﬁalﬁectﬁb_egaiﬂeeﬁﬂjl&x@ltr;ékﬂlﬂvé”baﬁybé 6’&@ 4 f

car boxyl ter e polypeptide.i.s also a likely prospect because o

its-Iocationhbﬁﬁéﬁ|§ﬁ#ﬁ?¥£?ﬁégﬁ§t5?95+?ﬁ“%%ﬂﬁ?ua resi dues to cysteine may

be considered based oHpohe sedssuwinn ool t hargeysimeeins,| tgengspétyried ound

on the surfaﬁ@ﬁwbdrgpr@ﬁgggg@hhg %ﬁ\g%;gﬂéqmﬁ%éggs tggugh a variety
be 0 ypepti

of potential nuteins, can el ecte ra given pol that may neet
t he recombinantly expressing the gene coding for the

mutein. Assuming that the gene coding for the native
polypeptide is known, the altered gene wmay be created
either by standard site specific mutagenesis procedures
on the ‘native gene, or by the construction of the
altered gene by standard gene synthesis procedures.
These techniques ‘are well known to those of ordinary
skill in the art.

The gene coding for the target mutein may be
expressed in a variety of expression systenms, including
animal, insect and bacterial systems. To the extent
that.expressipn;systems have been perfected for the
expressiocn of the native polypeptides, the same systems
may ‘-be used for the target muteins. In the preferred
embodiment of the present invention, the genes coding
for the target hmuteins are produced by site specific
mutagenesis of the native gene, and the gene encoding
the mutein is expressed from a bacterial expression ~
system. The gene encoding native IL~lra and a method
for expressing said gene in E. Coli is described in
detail in United States Patent No. 5,075,222 of Hannum
et _al., issued December 24, 1991. The gene encoding
native 30kDa TNF Inhibitor and a method for expressihq
said gene in E. Coli is described in detail in United



desired characteristics, it is only through the _on and
testing of such altered REPLACVENT SHEET 9 Februar Tuteins
that it will be known which 11 neet the objectives of ?WQ%@&PO
invention. In light of this invention and the general Skl|| and know edge
of those skilled in the art, such syn“gﬁﬁsis pegyl ati on and testing can

be performegyid Q%auqu%wq]aa@wt Han b0l g708580054, ! hat

even-if the:gfgj$at|on 0 e acts to reduce |oIog|ca
activity of HL186|Jpiit Lde ﬂ89§-cer3£q1Qadfﬁﬁseh%?PﬁﬁﬁéﬁénBﬁtlﬁn t he

pharnaeoklmﬁﬂébfp@f@tganﬁgr@hdﬂy@|3H3gmgg¢égéﬁ@g greatly increase the
val ue of the native éﬁﬁgtlde In, vari us ther apeutic applications. Upon

sel ection of target C1pf2Nf cPERY LAt el fREEFGLS IRE prRiuct i on of
t he nut ei ns prsedentr énvenitian |jnoute ssingl idevgepas ﬁ:adsngnf Qhet he

Eﬁgﬁkn the tere%nageénﬁﬁggggéﬁégﬁkkgcin?ﬂg ﬂﬁégV an yge %agpeC|f|c
nutagenesusYﬂ%k%Eh &8y drorhdngdividualydire, lﬁmiﬁydﬂhé)candtructlon of the
al tered genesilyssaatdaldygermialdiasisratomesur eesmzﬂaﬁelhﬁgm ques "are
target el ST EEeRt, X B Uaeq Wbcndiole it opretelfntica ang O |
including ahadns imsdefined tuartmedm peysesningTa vheyehuqntdddrue
expressi on_ syt afEnbaKe e SEIRAIETSbIgLy | tgeeeggﬁsggm,oh the native

pol ypeptides, the sane systens nay Pe miteins. In the
preferred cibORPHRENt AL aSQ6,BrQ imgolfor the

target nuteids g elpmodu.eett)hy r&tt:‘ﬂ:rsamca’s:icb@heﬂy&ageﬂggbgr@i‘ the native

dt odi h d bact I
Deprosel on o SRRETBRT sl B R R 1o FORFELCREAY o RICRZRETRGS 1 o

expreSS|ng §%?Ee Deh¥ M@ﬂ?rqaﬁqshsﬁﬁkxﬂilb@@ PQSSESSing comparable
biological activity. Also included within the scope of
this ;nventlonlare zuteins and pegylated polypeptides
that are partially truncated versions of the native
polypeptide. |

.[:.

YR EINGC #1 0 wfoys

In one preferred embodiment of the method of
the present invention when the target mutein ié
pProduced via recombinant DNA techneology in a bhacterial
expression system, the following steps are perfcrmed:

1} The gene coding for the target mutein is
created by site directed wutagenesis of the gene coding
for the native polypeptide:

2) The gene coding for the target mutein is
expressed in a bacterial expression system;

3) The target mutein is isolated from the
bacteria and purified;

4) The target mutein is refolded in the
'presence of cysteine or another sulphydryl containing
compound ;

5) The refolded target mutein is isolated and
purified; : - - -

' '6) The purified and refolded target wutein is

treated with a mild reducing agent;



detail in United States Patent No. 5,075,222 of anq¥?r T il ed
Decenber 24,' 1991. The gene encoding native 30kDa 'LégﬁﬂaiTSHéggd a
In

.
met hod for expressing said gene in E. Coli is describedin dé%g?
Uni ted REPLACMENT SHEET 9 February 2004 -24- States Patent Application
Serial Nunber 07/555,274 filed July 19,_1990. Each of these applications
Is incorporated herein by this ref er enc®? " The nut ei ns and. pegyl at ed

materials of the prgsent 4nventjan incl allelic.variatjans jin the
protei n sequence (sezZencg%%hﬁgg(ggﬁ?péﬁggg%rﬁafﬁr5?““%5% giTt %82 f r om
i ndi vi dual tBPSEMSA Rfal9x¥EHEn: sabdtantial |y equi val ent proteins.

"Substantially equiggl entthe @8 aispskd Fosehodk: LRewRLCIid Gald Alegnd
clains is de%%@%q tgc’ anIEOSSess'n a ver Qi%ngqgree of am no acid,

resi due honol'8Gy S qu%n Ay PO HeE FREFE IR 2B 2Pk sYRFARGeauence and
Structure, vgkoups, p. 124 (1972), National Biochem cal Research
Foundat i on, WAshi ngt @R, Corsfinoidd i Eporat herejn.b

ref erences) as well gg Sggsggsmg c%d C%J?% <F‘se'lla'ggi'_o["(:)’g'l car z?%oﬁd\ﬂ? OB Al so

i ncl uded Wt REnPERY IR BRECLRES oﬁggémaoﬂ‘r&? eprthiber antheepilat ed

pol ypept i’ desretinati ray eagpenit i k| githibeab-ad vl si:ansref , t henngli ve

Poventton vh2hCERE Y el dEpERR | SRe RS PR LoT CRBROPAGHE DRACT

t echnol ogy i Roathectzefaldirgpefsshen exysteamned mrdobinvbponatens . are

i rect ed mut baenesi oot Foe Tt i oy afheflt! Bl ® MG ot *2) “rhe
gene coding FgV%HFQQQHgﬁﬁenE?EYﬁaF§d abeddseidh pegrdtbeflahatimeessi on
system 3) Thelygrepstides ehayi Bei sokdiraed 0@ thernbastesi andBd purified;
4) The targebh@@ﬁ%é&déﬁé&iO&Qﬁgoggtﬁggs by conventional methnods.

In an alternate embodiment, the purified muteins may

also be formulated into pharmaceutical compositions.

The pegylated polypeptides of the present
invention formed by the reaction of a deactivated long
chain polymer unit have additional beneficial
properties. These "dumbbell™ shaped molecules can

-contain two of the polypeptides of interest attached by
a single polymer unit. This structure inposes a )
certain ameunt of 1inearity to the polymeric molecule
and reduces some of the steric hinderance innerent in
the use of large hydrophilic polymers such as
polyethylene glycol. The goal of obtaining molecules
with increased apparent molecular weight is achieved
while retaining high biological activity. Included
specifically within the scope of this invention are
-bidentate molecules where two IL-lra nolecules or two
-TNF inhibitor melecules are covalently attached to a
single polymexric chain, or wnere two different
polypeptides are attached to a2 single polymeric chain,
ite., a single bidentate molecule containing both a TNF
inhibitor and a IL-lra'moiety.

Native IL-1lre (figure 1) and various muteins of -
IL-lra have been pegylsted according to the present



presence of cysteine or another sul phydryl contalnlggE%g The
refolded target nmutein is isolated and purified, é% A %E
refolded target nmutein is treated with a mld redu0|ng age u

SHEET 9 February 2004 -25 7) The reaction mxture is dlalyzed in the
absence of oxygen; and 8) The dial yzed-ggaction mxture is treated wth a
| ong chai n polyner containing an activating group. In the preferred

enbodi ment  deiveritei gm odueegghatabnpedy kdtied wypei Iis-afa 3K DAXERF | nhi bi t or
the mld r %qlﬁ%%d@}rgfn rbﬁ dit gyot,lplr eidQthdas %ésJHbed' fnhapnal ternate

enbodi nent , t|o fray ‘occur prior _ ot refol ding of the
expr essed D eI &5F %%@Vnsres%“ﬁhé%r@?%r?%—bﬂ%o‘?%ﬁ%f ath&bGr esent

i nvention, idyesthenyd ai-ed;.aueea&s pmdmegylmecbna:t:w:era ppbxmeptl dehery be
purifijed and f.ormul.at ed

t I
s TRHELALES MBI e oraRia, o0, e
f or mul at ed idmt ¢tp¢|aflnhtyunamecmqj-@ﬁw34mns Tq ‘p@@laPEG poleesdtesdes of

the present ,d NYEPELPBnEOEIREDIA NG I8aCtd R0 06 Barieagbryated 1ong chain
pol ymer unit have additjonal beneficial roperties._These "dunhbell™

shaped ol e GATEEIGERSS  BENEHG MOKS FPAIhEHOITHEDt | BEEIER At ¥PSR at t ached
by a singl emegoiyaeaminot ackdiss ist riIstire wapesespbacedrwath anount of

inearity tQude BOLYTBL) ACHIRAAA AKLGOLCCILa00Bag bCcaler ¢

hi nder ance i rop | r¢ pol ymers such as
ponethyIen@%HE@DFermﬁeuﬁoaf(ﬁhQﬂREﬁ¢ﬁ¥m nnT@cHF@EarﬁnFﬁnﬁﬁéﬁéé§ed

apparent ol B¢ wgicheraktdue aghd ewdaoMé@yleteanbmmshhae Bielirpgi cal
activity. |n Iuded specifically. mnthln t he sgogﬁ Ehls |nvent|on are
anged to & serine ‘in number o e eins.
is a list of the muteins that have been generated for
reaction with mPEG (the residue numbering is based on
the sequence given in Figure 1; c referring to c¢ysteine
and s referring to serine):

c0s1l16 clcllse
CE4sl1l6 c84clls
c6slle c6clls
c8s1ll1l6 c8¢lla
coslle c9cllé
€l41s1l6 cl4lclls

Native 30kDza TNF inhibitor (figure 2) does not
contain any free cysteine residues. The following
muteins of 30kDa TNF inhibitor have been prepared (the
residue numbering is based on the seqﬁence given in
Figure 2; ¢ referring to cysteine):

¢105 30kDa TNF inhibitor
cl 30kDa TNF inhibitor
cl4 30kDa TNF inhibitor
clll 30Kba TNF innibitor
€161 30kDa TNF inhibitor .

Included within the scope of this invention is
an entire class of compounds, as depicted in Figure 19,
that can be represented by the formula R,=X-R, wherein
R, and R, are biolegically active groups and at least



bi dentate nol ecul es where two I'L-l1ra nol ecul es or tvwa:-giNMeiBRrYS ST
nol ecul es are covalently attached to a single polynericgg%ﬁﬁh¥gbo¥here

two different polypeptides are attached to a single polynmeric ain,
k:e., a single bidentate nol ecule containing both a TNF inhibitor and a
IL-Ira noiety. Native IL-lra (figure 1) and various nuteins of, |IL-Ira
have been pegyl ated according to the pré@dent REPLACVENT SHEET 9 ‘February

2004 - 26 inventkgg. Pe atiqn of wild type I14-1re at free sul phydryl
groups, by R et i B iPePIWRIRC1L%GnpPEs FelkSw2 mfutts in the
addi tion of peREG&ict helypetrdinepaesinuer al inpsasi ronpll6 rf adl- kra (c116).
The other thheq,gystei a ?p,%t SSJ for lLation i he fully
native WD|€CUF§. . Jo at?ggﬁ ES'é°-ﬁ%f§§§¢%€£gﬁg_di?ﬁ§¥8n%ﬁs?Pésﬂaf IL-ira
and to make 3HSEGOhFEEAEcTRRASg BAfHE Rihancorie BREGPE ir-1ra in which

native am npcdniskeptialic; 1oz Wl gayepeaped yiddt i £VsA& RE nA¥ Bddi tional,
cystei nes ag&laaﬂed gt;thg am nqQ-termnus of _the_protein.*To prepare

conj ugates N TehOFEER4EY éﬁ%ﬁg?rﬁﬁoi%gyla?%d“ FPBURIS Peshinghanged to
a serine i nt@imnderucturke mimticinshawBe/lovenisefekireli @b ke nuteins that

have been gaaﬁﬁﬁﬁsliﬁrcoﬁgéﬁﬂdy1‘Mf!‘ é%%éé@ﬁ:ggaigge nunbering i s based
on the sequence given.in Figure'l, cre errrng.to_cys ePﬁ&n%nuis
referring t SR IRYIaLEY1 PREaLins Col e bantisiiBs PUSISERY in

c$sl. 16c8climichDsddhtart 16 sc BEFSRT ldd add fndlat | ¥ema3gkRavwINF i nhi bi tor

(figure 2) g%ﬁﬁﬁggﬁﬁiggntain any' free cysteine residues. The follow ng

nmut ei ns of I nhi bi tor have been prepared (the residue nunbering
i s based on the seqieRPYFeRPUEnconposition consists of one

molecule of the linker X and one molecule of R, and one
molecule of R,. A homogenous composition includes, butx
does not require, that the biologically active groups
R; and R, be attached to the linker at the exact same
location on the groups in each molecule of the
compound. In certain embodiments of the invention, the
biologically active groups are attached site
specifically to the linker. For example, in the
.compound c105 30kDa TNF inhibitor PEG,,db, two c105
30kDa TNF inhibftor groups are attached at the 105
cysteine residue to the PEGg,, linker.

When referring to a "homogenous composition® it
is to be understood that on a molecule-by-molecule
basis, the dﬁmbﬁeli‘compound is also not necessarily
homogenous with respect to the exact length'of the
spacer group. It is understood by those skilled in the
art that any préduction process that utilizes a given
weight range of PEG or other higher molecular weight
polymer begins with a solution that contains an
"average" molecular weight. Therefore, when a bis-
reactive PEG unit is reacted with a polypeptidic group,
the PEG unit is by definition polydzéperse, and.Ehe
resultant dumbbell compound is heterogenous to the
extent that the length of the linker is subject to the -
variation known to exist by those skilled in the art.



I nhi bi tor Cl4 30kDa TNF inhibitor c¢111 3CkDa TNF i Ok Da
TNF inhibitor Included within the scope of this |nvent|o 9I ire

cl ass of conpounds, as depicted in Figure 19, that can be represented by
the' fornula R1-X-R2 wherein Rs and Rzzs-e biologically active groups and
at | east REPLACMENT SHEET 9 February 2004 -27 one of R and R2 is

pol ypept i di cInaguxmasya rhbgepitid ElyopymdfiecdSpacerchdrs Ic:mklmx*gr oup. Ri

and R may bgrkhe T ik 08 ehidf ez et suwg%erpal.g{; xF% d' L}‘ erent

groups, both and r ol ypeptidic, or

RZ may be afiy Bf’bllntﬁigql a%l yteha%{) ‘?/%"bgbﬁpln the Eﬁ’ﬁ’ﬁ’&ﬁdfs’-%\ﬁ 9R1 tqﬁ s
structure, V\R;_:cmrlaﬂe bben mekelniedkdd taryetmrurbibel horeogpanndsie are
characterizegsfy if1g substantially purified. "Substantial y purified" in
this context I's 3ef| ned as being a honmpbgenous conposition. A honpgenous
conmposi ti on consi st sSRpfaRAR, wleeddBintd (e bﬁhkgrbxoé‘nd'ldeJml ecul e of

Rl and one goeteed erfupg®. AR{OTHYEALYSYCARRASK! L.g_.lg,d {m does
at Hhed to

not require, t t oIo |caJI actlve [ oups
the |inker ?ofnﬁ’?uﬁ t[q" ‘g't‘?%n ohlgFngQ;F&:p%ﬁﬁ?ceta&F nol ecul e of
the conpoundintesasdr tﬁmth emhmltml sbhbblbhécanvenrtleuld.he biologically

active. grou f i nker. For exanpl e,
T the CconpsonstitIACEIE SRRGE: Lhliite Brdthand 105 s0kDa ThE

i nhi bi tor gr Bﬂyé’pﬁpé“éﬁ%ch%?‘éﬁl‘%e GBELORYSFALRE i @HIANELE CSPéei @EGI3000
| i nker. whensuehers Negarin, imwnn@uﬁtaﬁzﬂﬁﬁgl Big@hts,| tvitSmids Peg

under st ood tQﬁ&, othet @igfét%f WY”QJ:EQ-E#E species. At least one of
the groups R, and R, is polypeptidic. In the preferred
embodiment, both R, and R, are polypeptidic.
Polypeptidic is defined as any compound that is
substantially proteinaceous in nature. However, a
polypeptidic 'gr_c_:-i.:p may contain some non-peptidic
elements. For example, glycosylated polypeptides or

synthetically wedified proteins are included W.'Lthln the
definition,.

Figure 2; c referring to cysteine)r cl OS 30kDa TNF | ‘%,_@f % Da TNF

The blolog:.cally active groups R, and R, include
‘binding groups and targeting groups. Binding groups
are defined by their affinity for a given biological
ligand. Targeting groups are defined by their ability
to direct the location of & complex within a bioclogical
system. R; and R, may have affinity for the sanme
ligand, in which case the dumbbell may have enhanced
affinity to that ligand. R, and R, may have an
affinity for different ligands, wherein R, serves to
target the complex into a2 location where the ligand for
R, predominategs.

Preferred polypeptidic groups are receptors,
the extracellular portions of receptors, cell surface
molecules, and extracellular matrix molec:ufés, binding
proteins, and receptor antagonists. Included ameong the
polypeptidic groups that may be used as R, or R, are



respect to the exact length of the spacer group. It

skilled in the art that any production process that ut|I|zes a’grve

wei ght range of PEG or other hi gher nol ecul ar wei ght polyner begins with a
solution that contains an "average" nol ecul ar weight. Therefore, when a
bi s- reactive PEG un|t I s reacted mnrﬁga pol ypeptidic group, the PEG unit

i s by definiti ydis 1 ;resul tant _dunbbel | coppound is
heterogen% égiﬁ gﬁtgﬁﬁypﬁﬁfﬂ I?ﬁ%tﬁ“%f‘tﬁgﬂﬁr §Xethbj ect to the
variationImmiMr¢@BBkostabyaghmisnyqiakmhlnVFhe1anb1tEEPLAENENi SHEET 9

rebruary 3R cBib DeSHIMRAL, TUON ] Atk PUELT LeGerddh ddU § goNt ex!
S

refers to naterl af are substantial |y Tree from conpoun 1) that
devi at e |ﬁf&1he1%#b@§| fnynSdngRe G cmabbnat;orha@: somssnsus t oget her by

mor e thanr@%a&'@é excealo@n@ﬁ) argpeef tagdzesheirig i gaghcal |y
active gr oups olog#%all tlveé%roups i ncl ude any conpound t hat can
f

i nduce a ﬁ(ﬁ%ﬁﬁ%ﬁ OFnt eract Vf?ﬁpacnatqu3lﬁ%ﬂ%Rﬁ%%j mol ecul e.
Bi ol ogi cakMESRtYeeeptoups ﬂ-m;allllde:qauememns HLpeLypEma-dgs, Mw3eroi ds

carbohydrégﬁ% gggantgGsRQc 185 BBRYI I Br If%ﬁcﬁgggjnlng agenfs

vi tam ns, ot her fo 1cal actrve $péeci s ast one of the

gr oups Rllﬁﬁf z# ﬁgpypgﬁﬁkdlE n G Htor r&R , cFHBaRAeRec both R and
R are pougmﬁnmdlnamEﬁhhpeﬂhdiﬂglﬁté&éiﬁ?dLéﬁﬁéﬂh G d hat s

T L I o A W TSR
. or synt@m9t§#$9snﬁdnthe@ maﬂa&vﬁuareomamhsded W thirydtheaioweihni tion.
The bi ol Ogifefld YeaEhi YR i¥ iRy anda Rk LBEbYdRces to receptors
includes all forms of the receptor whenever more than a
single form exists. In the preferred embodiments, the
groups R; and R, are selec¢ted from the group consisting
of Il~1 reéeptor‘antagonist, 30kDa TNF inhibitor, CRI,
and IL-2 receptor (both the ¢ and 8 chains).
In a preferred embodiment, the non-peptidic
polymeric spacer X may be further defined as follows:
X = =¥,~(2),~¥;~, wherein ¥, and Y, représent the residue
of activating groups that react with R, and R, to link
the spacer to the groups R, and R,, and (Z)_ represents
the base polymeric group. According to the present
invention n is greater than 6 and preferably is greater

" than 10.

Non-peptidic is defined as a polymeric group
that is substantially not peptidic in nature. The
inclusion of less than 50% by weight of a~amino acid
residue as part of V,, ¥, and Z would be considered
substantially non-~peptidic in nature and would be
considered non-peptidic. In the preferred embodiment,
the non-peptidic spacef X i1s non-immunogenic, and
bioclogically inert and hydrophilic. In addition, the
preferred linkers are capable of conveying desirable

basis, the dunbbell conpound is also not necessarily, ﬁi
54 @Q%Egy t hose

properties to the bioclogically active polypeptidic
groups =~ such as reduced imnunogencity, increased



bi ndi ng groups and targeting groups. Bi ndi ng groups o the| r
affinity for a given biological ligand.' Targeting grou%sF&Lgeg_’ ed by
their ability to direct the location of a conplex wthi i of 0Q |

system Rl and R may have affinity for the sanme ligand, in WhICh case t he

dunmbbel | may have enhanced affinity to tfad-ligand. RlL and R2 may have an
affinity for different I|igands, wherein Rl serves to target the conpl ex
into a | ocati o QAhELItR, |Pyanedhoes RZeprodwe mmtms. fruefitgie Gﬁlody -

pol ypepti di ¢ grGuEowd as.{@ef@i@éﬁw t? ae%hih r{eU'a?f ﬂ%tér,l °“§1ﬁ,e%w8§

receptors, cell surfg'g | ecul es, extr ul ar
bi ndi ng protei dg:F‘é‘dBpFBr 15 &d‘&ﬁ‘l"’éit S. ﬂmc#%éﬂo%wmgethered
pol ypepti di ¢ gempsiinmtspytive csnpotadRE, -@:l{—s%é andE T 9

o1 Feveptor e nf-‘i’?' SIHAL S aQ%o%‘%%fm%%”‘Ee% .
receptor, CR (HI8n%f thath cexceeds CRie; ﬁélfadetamthamgirm arerponbi nati on of

consensus r epeﬁrm‘@@%ﬂfld%) qroB?Chagecg,pt@{ r ec %‘or NC?_FCxélr Iecept or,

EGF receptor, 'xa?:gf%ep ig ‘ri 10

receptor, RLA-IX3R T‘%’&'eb?o Y PREifiRS @305 3@ TP7, IL-S
receptor, Int dahiithd teRs, PR BaM a&nddﬁﬁ%&*&acﬂéﬁ’i@ k&g Tﬁ@ml n,
Lani ni n- bi ndi NEHAOLRE yrd FR A1 Phd %aggep_éﬁes ‘1?31 d| nga(ﬁ?rot ei n, exon

6 peptide of Pﬁz ar}"d prot eases (W th ic o d tivity get
domain and a cardl yii%® dtikRH) TN Fnhépéﬁeﬁcbgst @Q’red@iﬁ-ors | ncI udes al |

forms of the receptor Theneceivaniing Rffoubs SYNGH FOr Bhaxi §t3 ﬁe N hes

preferred enbo and o are sel.eéted fromt roup
consi sting of @Flljm?igl ryﬂge}%‘f Egn‘? om?’?y BekBEPR¥Esh R Dhiatyt oTRFfhe  and

IL-2 receptor EESEY 3R %FFQPF% %ﬁaﬁhsFUSSadaapwber I‘l&fd:]ﬁiﬁi@-dj e , t he
non-peptidic pallyiRtide Pasgs, XaR¥RParbYr bRBLpdethiied agfighl Qus:

tresylate, aziridine, oxirane, and S-pyridyl. <The

preferred activating groups are maleimides.

The polymeric gfoup (Z), is preferably selected
from the group consisting of polyethylene glycol,
polypropylene glycol, polyoxyethylated glycerol,
dextran, poly fA-aminc acids, colonic acids or other

- carbohydrate polymers and polymers of biotin
derivatives. In the preferred embodiments, the
polymeric group is polyethylene glycol- Any non-—
peptidic polymer;c group that would serve the functions
as described herein would also be included within %the
scope of this 1nventlon.

One of the advantages of the present invention
is the ability to vary the distance between the groups
R, and R, by varying the length of the polymeric group
linking the two binding groups. dlthough not limited
by theory, it is proposed that the increase in
biological activity seen for the multimeric compounds
of this invention may be attributed to the multlmerlc
nature of the cell receptors and ligands in_vivo. For
this reason, the optimal distance hetween the units R,
and R, (which would be generally directly proportlonal



X=-Y1- (Z2) RYz-, wherein Y, and Y. represent th vating
groups that react vmth Rl and R2 to link the spacereR%gEt MEN{T%I—%%@ and
R, and (Z)n represents the base polyneric group. According to t e present
invention n is greater than 6 and preferably is greater than 10.
Non-peptidic is defined as a polyneric group that is substantially not
peptidic in nature. The inclusion of Lggs than 50% by Frei ght of a-am no
acid residue as part of Y1 , A and Z would be considered substantially

non- pept i di toi kheatlareytando nothd belyﬁ@ﬂﬂldj&ﬁﬁﬁ: npm,gepiajallse NP
preferred e | n | acer_ X i.s.,ngn-i nmunggeni ¢, and

bi ol ogi cal Igg?%ﬁq{aen %dogghsggﬁﬁ' %n Ad |’tef o, ~the vﬁﬁf"é‘ﬁ’r 9inkers are
capabl e of %bﬁﬁeﬂ%&%sﬁ?%@é Xproperties to the biologically active

pol ypeptidic groupsn- on%U@Ehhﬁ:'iiirﬂ&'@le'ﬁﬂH”‘B%@;@ﬂﬁ’uﬂ €a5gd BRELACMENT
SHEET 9 Feﬁ%gﬁ% é.go sol ubi or reduced clearance raté 6m t he

body -- wit I9 Pe r'r:g""“tefre HI¥RYEF-0fMa3% ven R or R
group to itsltegmnute |emh;¢1®1ment B; edndr Ry arabatiFfenent tggﬁ;ﬁ(&g)ound

R1- X—RZ(V\hgﬁghnW, o g group n affinity
for its %ﬁnd t hat exceeds the afl?ém t e%i hac{]d%‘h%agﬁng gé‘r: lZ‘é‘%Fbl ndi ng
group has t¥NEFEIN Rekh Rprndg&mAct %b‘ta‘ﬁﬂel shkp mmdnadd cl OS 30kDa

TNF i nhi blbdlblw télﬂsthF‘blrt Qe todRr TN greater
than 20 ti rT% %er{lns bfl‘taé tIVh )é t hat c105 %OkDa T Frlt?%h l#lo?:or has for
ctiva

TNF.” The a ng gro TanBPIRES &8 RR1ItYedi ke PSRt ¢ spacer
X may be cobBei s}é‘tﬂ(ﬁmm;@m chscaaet i vmmgngﬂ'\nws:.aﬁam 2ok ?g_gjgeg)ove

including thgey ale Bd ) dry roup; _thiq tri
tresyl ate, a2|r|d| ne, o??ég&ﬂed u{-‘fe?-:%_p 899‘ %Qprlg‘ergred' tlvatlng

groups are THF Ei;"rﬁ%etsh%e"g LSRR t&reolﬁ’ﬁ’“(DZ-)Exl'SOp?ﬁEﬁ&blfy-%el ect ed

location by its binding affinity to a certain
;ubstrate, and the opposing binding group has a desired
activity at the localized site.

An exaﬁple of a heterodimer that has great
potential for being a succeésful IL-2 inhibitor is one
where R, is IL-2ra and R, is ILdzrﬁ. Such a
neterodlmer ninics the receptor complex that has the
highest afflnity for IL-2. See Example XVII. Aan
additional heterodimer that can act as a complenent
inhibitor is the heterodimer where R, is the C3b
b;ndlng domain from CR1 and R, is the C4b bindlng
domain from CRl. See Example XVIII. In an additional
heterodimer R, is the exon & peptide of PDGF and R, is
IL-1lra. See Exanple XIX.

In the preferred embodiment of the invention,
the procedures for producing the bifunctional R—-X-R,
complexes are essentially the same as those used for
the site-selective reaction of polypeptides as
described above.  The synthesis of cl05 30kDa TNF
inhibitor PEGy,db 'is dggcribed below in Example 13. A
bis-reactive polymeric group is react;:i with a
cysteine~containing polypeptide, wherein the activating
group on the bis-reactive polymeric group forms a thio-
ether bond with the selected free cysteine residue. As
described above, the cysteine may be a free cysteine



fromthe group consisting of polyethylene glycol, pokyPXORE E§+ycol ,
pol yoxyethyl ated gl ycerol, dextran, poly fi-amno acrds,yg 9 %Oagids or
ot her carbohydrate polyners and polynmers of.biotin derivatives.” I'n the
preferred enbodi nents, the polyneric group is polyethylene glycol- Any
non- peptidic polynmeric group that woult&erve the functions as described
her ei n “DU|dna%h%p g, included within the scope of this invention. One of
t he advant ages o a(]ﬁé PTETEM LA VRAt FBR PPriyPRetdsiid tgedun vasy 4 he
di stance bet Webrnaie v aupste fie atifaBxhby ¥akw Radhe J.ength of the
R o IR A 547 88d by

pol ynmeric groHp Ewgdﬁgﬁ t bi ndi ng groups. Although no
theory, it is p?opose t‘éﬁE}r%§#$ﬁP%%Se I n biological activity seen for

the nmultinmeric conpot@sPrefermed b@aanﬂautiﬁa/ﬁ&igﬁéfiguggﬂgggEhhe :
xaul tiraericofngher prefsdme GRldnt £65PQr5..a0d_LLgands ‘'n vivo. For this.
reason, the ggi%ggk?bisiﬁ?ce beguggﬁgt % %p??s“ﬁég%mﬂ?QQ?TﬂﬂﬁQﬂmNﬁﬂnd be
general l'y ditecf [y B STHal S REPLAOVENT L BHEETZEG . Feihisarsyrdde £ 31 t 0
the | ength o?ftRéspoialedmiciarnic iy desEashbby sdetgrydged .oy one skill ed

in the a- byay8s¥hRaqt RS HL he spacer X. |n one~eémbodi‘ment of the
present inveption tﬁte groupg]%tf%ﬁ\%e%m%€%°?he“§§nb?-sm\ﬂé\ﬁémidm an

alternate entyBPRBRE s H%?%ﬂeftﬂﬁfhﬁﬁﬁhydpéﬁk@Spggsqu_Q@ﬁpqgh_§ can
be desi gned aminoeidhteaxmadtiertedi ner wherein both R and ? act within the

sane general biol ogd ysteps. For exanple, both I'L-1 receptor
ant agoni st and TN? %%%?%?%%r%egﬁﬁdﬁeﬁPEVeaet@qu§ﬂﬁﬁ0ntme'tmélannation

cascade. TheWTtneli bdiosantyl exeramyo abse bergesbanadnphare Rl o R is
by its b hSi@fﬁ?ﬁ?;ﬁ?Q&%‘z%&%ﬁeﬁd BT S, 26811 ol wcfinasmass b ndi ng
group has a i red" - atlirvPBy A%t HA9850al iBmxir$6 1 eRev. Macromol .

Chem. vol. c25(3), Pg- 325 (1988). This is

accomplished by generating a reactive intermediate via

either sulfongtion, halogenation, or oxidation of the

hydroxyl followed by displacement of the acﬁivated

termini by a nucleophile. |

- Other practical alternatives to the synthesis
of the bis-maleimide Prg given in Example 12 also
exist. The reactive internediate in the conversion of
the hydroxyl to the anmine may be the halogenated i
derivative (e.g. the a— (bromoethyl) -t~
bfomopoly(bxxethylene) intermediate (Johannson,
g;och;w,-et Biophv. wvol. 222, Pg. 381 (1970)) followed
by direct substitution with ammonia, (Buckmann et al.
Makromol. cneml vol. 182, Pg. 1379 (198l1)) or the ’
aldehyde intermediate (Harris, supra.) The bis-
malgimide PEG is not the only sulfhydryl-specific
reagent that may be used. Glass and cowérkers have
developéd another method for the attachment of PEG to
sulfhydryls. Glass et al., J, Biovolvmers vol. 1g ol
383 (1979).‘hHoweVer,Athe reactian is reversible w;th
thiols. Aanother method for attachnent of PEG to B
cysteinyl sulhydryls is the bis-4-~vinylpyridine PﬁG
derivative.



An exanpl e of a heterodiner that has great potenti '
successful IL-2 inhibitor is one where Rl is IL- Zri}iEaé]Lg& %tﬁﬁ(@z%}fl :
Such a heterodiner mmcs the receptor conplex that has the ' gR

affinity for IL-2. See Exanple XVII. An additional heterodiner that can
act as a conplement inhibitor is the, heterodi mer where R3 is the C3b
bi ndi ng domain fromCRL and. R2 is tha Cob binding domain fromCR . See

Exanple XVIII. In_an addifi radi, bRt cReteS - P G pept i de of
PDGF and RZ is | B3> s{%%ymgg&% ng N the igrceéf}lie_}?-r ed enbodi %pt of the
i nvent i onvaxietyprof edliest ropnidrist e R 2 Hev ®F f Ghc EFGn HaR1 SR™

conpl exes &eééeﬁgggghﬁst&% U Bp proseinsed fne rebeesitse- sel ective

reaction of pol ypeptl des as.described, above. _. The :hesis of c105 3 CkDa
TNF i nhi l:-?iﬁ‘%ﬂfuge RCArROTRRGT i bEH HET ‘C‘V“ulﬁ Ex%é% €'13. A

bi s-r eact istecPbhyRtayt guominate cacy@UUMLChcRicTEdee FdX@t ai ni ng

pol ypepti de LN 3 vald OUR] £8nkReshi sgrRaqtdtapol yneric
group forrﬁru}\y\gﬁlg“g‘-e’ettc%%rbgg)lnl V\cntét% ?ﬁ% sel ect ed“free cystei ne residue. As
descri bed gibowp, ingdudps &URSYARTPe BOBYeBCBysEENE SAGENT SHEET 9

February 290d--3¢ RflUrdldgerfosureang salkbeipelypeyititdianipes: o, or a
non-nati ve cysteine -t hat. hag peen. adder, or St:L - Wiy, t he natural
sequence. ®edpr ¥R 5 sé?:g%ﬁ“fl?eaﬁgl %ﬁgg#(%'cfohrﬁlﬁfu d ‘hglff? he present

i nventi on dBharE2rebd wiid) ol esniliydrPaby eady atineshele of - bas- mal ei m do
PEG The s &S | Sspphebg) do BEGel & rdes@ddatkd fefkanmpheel2.

Accordi ng %ﬁggﬁgepraﬁr%%%hoﬁ? t he bfaz-nal ei mdo ci ound Ls_prepared

= CO p]
from bi s- hpeRBx PSeBEGS iBEEhEY bPEO IS0 2% SR¥edisn et Sgge}'%‘?yﬁgghods for
the convergkghe@fs tiie 1é€% nbpakchyedieyyl s of PEG to the corresponding anm no

group have been re*hgm%%e egégéiﬁiéﬁagétioﬂ'o?ohxﬂﬁLR? complexes
where R, and R, are different requires a two step
process where the bis~reactive polymeric group is _
reacted in series with R, and then R,. The preparation

~of such hetexrodimers may be accomplished by those oz
ordinary skill in the art without undue
experimentation. In some cases the intermediate R;~X
rust first be isolated and purified prior to reaction
with Rg, and in other circumstances an intermediate
purification may not be necessary.
The extracellular domains of both IL-2rxre and

IL-2rf may ba_cloped psing PCR and cloned into a vector
capable of directing expression in E. coli. The
proﬁeins may be refolded and purified from E. coli and
their ability to inhibit IL-2 activity measured in
bicassays. In ¥itro mutagenesis can be used to
substitute native residues in the molecules with
cysteine_to.allow for site directed attachment of PEG.
Muteins of both IL-2rec and IL-2rf may then be
identified that allow for efficient attachment of PEG
WwhHich do not lose activity when PEGylated. A PEG~
l1inked heterodimer may be formed by first PEGylating
IL-2ra in the presence of an excess of bis~maleimido
PEG. The singly PEGylated IL-2rc may be purified and



Sci.. vol. 22, pg. 341 (1984); Harris, Rev_ Macronol

C25(3), "' pg_.325 (1985). This is acconplished by genRéFF%IT igr%bgjﬁ’ﬁ%%%gve
intermediate via either sul fonation, hal ogenation, or oxidation of the

hydr oxyl followed by displacenent of the activated termni by a

nucl eophile. Oher practical alternativéd4—to the synthesis of the

bi s-ma. ej m de_ PEG given .in Exanple 12 also exjist. The reactive

i nt er medi at eI FA2FARe2E8APyS FIPTHHT THE HYF AYFYE FRECIRIAfe FREMBe t he
hal ogenat ed adar fvaii the( degedd®imer br arwes yb) ebuikr aagopel y(oxyet hyl ene)
I nt er medi at e S & 0Ghi =] Ql . 3 1970))

fol | oned bypé%ggggasgggtﬁﬁﬁ?%%#%g%$§2é%%§%%¥“(8u6 éﬁaﬁ%yﬁgﬁgé :

Makronol . CheRPudgl mirde the himgio 330814y ortReralcedivpde fiowrst neni at e
(Harris, supgay) ShesBes.maleimde PEGis not the only sul fhydryl-specific
reagent that may be used.. 3 ass _and. .coworkers have _devel oped anot her

nmet hod for the attad?‘urfgﬂ"bIB?f;E@’Fé’leé‘uf";‘ﬁf@r yhs 25ads€ &R IE  Bjono
ears vol. i8FLp@grs 383vltoAdso Howeveeful hesraarbceptios memacimietwi th
thiols. Anotger cgebhod for attachment of PEG to eysteinyl sulhydtyl,s is

t he bis-4-vinyl | .dine PEG derivative. REPLACMENT SHEET 9 February 2004
-33 Harris ( gk Eo T o—Sh N i ph it B RILEETHY HENE LY, COLATINNG

el ectrophi | i aeemmisvat i ves of PEG t hat

can be Qsea as reégents to nodify

proteins- -ae reagen | ngl h. or.ocar bonates, jsocyanat e, oxi de,
succi ni ni dyl §uccing%eFe%y%ﬁgggg%e.F;Ebﬂﬁﬁgr%ﬁi%d °aﬁ% ﬂ??gﬁ,%ge
car bodi i m deSlidgassumcsas &hatfiray abe ewsedrbapdientivaddse resyl at e, .
tosylate, ai olBpkrides SO A eﬁ&ggegasgggﬁﬁtlesqj'e%f/el y with am nes
(e.g., cyanuric c@!orlde Gg car bo 1|n1..de§) while others react with both
sul hydryl s aﬁ‘k&rélﬁ HE?S( LQ_%_ ,nterme lates and readgents described

below. All references provided below are specifically

incorporated herein by this reference.

A. SYNTHESIS OF REAGENT 1: nPEG,~ESTER-
MALEIMIDE .

The succinate ester derivative of the RPEG,
(intermediate 1) was prepared as described by Wie et
al. Int. Archs. Allercy Avp. Immun., vol. 64, pp. 84-99
(1981). The resulting product was weighed out and
dissolved in a mininum of dry dioxane at.GO%L After
the solution had cooled to ambient temperature,
equinoclar amounts of both tri-n~butylamine and isobutyl
chloroformate were added. The reaction proceeded
.thirﬁy nminutes with stirring. During this time, a
borate buffer, pH 8.8, was made by titrating a solution
of 0.5 M boric acid with 1,6-hexanediamine. The
solution containing the mixed anhydride was added
dropwise to an aligquot of the borate buffer containing
a 10~fold molar excess of 1,6-hexanediamine over the
mixed anhydride. The reaction mixture was exhaustively
dialyzed versus deionized water at 4°C ;nd lyophiliZed.
This polymer intermediate (intermediate 2) was reacted
with a 2.5:1 molar excess of sulfosuccinimidyl 4-(N-



proteins and may result in varying .degrees in |oss of agfgad, %
preferred preparation of R -X-R2 corrpl exes where R and R are er ent
requires a two step process where the bis-reactive polynmeric group is
reacted in series with R and then R2. g’ge preparation of such.heterodimers
may be acconplished by those of ordinafy skill in the art w thout undue

experiment at i gﬁrjﬂ‘l‘o {ﬁ},ffts?gc&ggelxgtng c-_a.t :Rl’fa‘xe I(ry&ﬁ.fbl-ssﬁcd),e

i sol ated anB® feaction Ww.th gln ot h g
ci r cunst anc@s et rﬁ@%@#ét gc- puﬁoﬁltfé’tﬂ%n"n'ay' nof 8 RECBEEAM The

extrace3, | ub roscg}{ga&@sogf Hbekl M&- A2t 1L32r;©rnuy0bhoulr6n@¢ usi ng PCR
and cloned i'nto vect or _capabl g of e l{lec.‘t cpg:g&g?s gﬁéﬁ

The protei F?%)F?}BP?E?BPE& at@SHFTF T 1F om eir ab| lity
to inhibit w%mlaxtyummumﬁqmtdgmyﬁ— F—HQVFFPGtﬁﬁt“agenem s can

be used to u h$, ng_i.regu,aqsm\mrihh; Ima{eel ne to
all ow for site ﬂ'ﬁ#réec%ed a%’t ac ernxgn%_dzo?%;%{éé I\/?thl ns bot? %@C and
| L-2r/ 3 nay (cefBRES) ok i7-%dFhA1 W #br = e‘rflcrléﬁtma BABARSAt of PEG

whi ch do notpdBpReACH kdhigenthen REQted eslt ¥heEGoiki mModdeetee diherer may be

bi <. mal of m (P LR, SFe ‘B IS FERA ab PR SPEERE %éa&}’?%"?‘?%}%d“

REPLACNVENT SHEETnaﬁoﬁemam.y o2 reagentvas Hatat®th the

active nal ei ngage&aesa%éﬁmﬂs heter ¢ aes p'[i’ﬁiﬁri[’tﬁtﬁmﬂ.e may be
purlfled an |t tivi assessed- . This nmpl.ecul e houl d mmc.the hlgh
affinity 2 r%%’éﬁ?o?:hﬁo@r%s%nfr%l hig, FEEEsion &l?rﬂ)%’eef |*TONpT ex_here R is

| L-2 and R2 pgsel hydipishoid d chie beageatuIxsaszﬂﬁtﬂceiimoum*agﬁrmsg of
IL-2. the site of WPEG attachment to the protein.

epoxi de and teeyylates). Sone of these reagents haVQ?EIb@@@MEm%III%IE'ﬁDd' fy

B. SYNTHESIS OF REAGENT 2: mnPEG,~AMIDE
MAYL.EIMIDE
‘ The mPEG -tosylate (intermediate 3) was prepared
as described by’Pillai et ala J. Ord. Chem. vol. 45,
'pp. 5364-5370 (1980). The amount of sulfonated
intermediate was estimated spectrophotometrlca1ly as
described by Nllson and Mosbach, in Methods of
Enzymelogy, vol. 104, pp. 56469, Acadenic Pres. Inc.,
N.Y., N Y. (1984). This intermediate was converted to
the phthalimide'deriﬁative-(inte:mediate 4) and
subsequently reduyced with hydrazine hydrate to the
-mPEG{dﬂ&-intermediate (intermediate 5) by the
procedure of Pillai et al., supra. The anmine group

capacity in equivalents per gram of product was
quantified by microtitration with hydrochleric acid.
The RMPEG-NH, was reacted with sulfo-SMCC in HEPES or
phosphate buffer pH 7.2 atT room temperature for twWo
hc;urs. The amount of the mPEG —amine to sulfo-SMCC was
teSted at molar ratios of 5:1 to 1:5.

1o determine the optimal conditions the final
reagent (reagent 2) was used in pegylation reacticns
and the quanti ty and cguality of mPEG, *IL—lra (we will



described to indicate the diverse neans that nay be Uusé Ive
pol ypepti des. See, Appendix to Exanple 1, for structures o di ates
and reagents described below Al references provided bel ow are
specifically incorporated herein by TRPS reference. A SYNTHESI S OF
REAGENT 1: nPEG TER MALEL M DE . ThQ SUGCl \Y; of t he
nPEGx (i nt é‘rsrf?ed"f'l&fﬁ 5?5&/893%?8&%’5 &8 descq[rlrlba%d&gyﬁ% # 8 Ar chs.
Al ter ntr. lmanmeactel. wdth peagenio? aIHSIIC, e s AQY ng pr oduct was.

wei ghed ou f‘%ﬂl ggasgba n%al ﬁ;%mmanlﬂe—aa&ordrmﬂhoxaageﬁt g0C . Ai ter the
solution h ? to anbi ent tenperature, anmounts of both

tri-n-butyltesRELRRE PedpiyP t@lﬂ%f%ﬁ%t@% ﬁﬁ‘agaonfhgaﬁeact i on
proceeded Hdddet¥edi myt %M}%mmdMahgelécsrbphbreaz.sbor ate
buf f er S A u ..0£,0.5 b cid with
|, 6- hexanedﬁa%g?ﬁga letal"ri%gééﬁg mQ%daa%H&d?"lra(}q‘o\?vas added
dr opw se tooﬁnsacr.‘th@t mi’rEG,hBHpor dﬂw%?fﬁroﬁéﬁtépﬁﬁn@f @uﬂcﬁaﬁ#cép mol ar
excess of I158r0ex208dL@TItIIQY Hidde woXesupabydeignr dReikRaGhieN Nixture
was exhaustlvelf;:le di al yzed versus deédoméedagater gt 4C and | yaphilized.
This pol yme?ti hbErmedicht £857 %Bﬁ;ﬁn?d? {1 PEatreq™ e’5:L 1 nol ar
excess of sibhosweharigd d;dra&ne(wm BoiFET p@OE@b‘fhiazrys 2004 --35
rral ei m Odetﬁ%ghl%%gx.rﬁﬁa gﬁi@ t&_(é&& 92 BMECprRiaite Chemi cal -

heY

EXAMPLE |. SYNTHESI S OP PCLYETHYLENE GLYCOLATI NG AQQHE Rg-igggznts are

Co., Rockfor ate or EPES buffer, pH 7.-0, for
two , hours Beagesdma éff?gﬁarm-tfiﬂr r%’sﬂ?t?ﬁﬁlBEP-?HeFl'W&é“aﬁﬂgqq by

si ze excl usugmnghmtwm c&egm reaction mxture on Sephadex G 25
using a0 m i um phosphate (or HEPES) pH 7.0 for elution at 4a®_. The
mal ei m do-
” ¢. SYNTHESIS OF REAGENT 3: mPEG -MALEIMIDE
The WPEG,-NH, (intermediate 5) can be modified
further to yield a different maleimido~derivative
(reagent 3).. The latter yas accomplished by reacting
the mPEG,-NH, with maleic anhydride via an adaptation
of the proceduré of Butler and Hartley, in Methods of
Enzymology, vol. XXV pp. 191-199, Academic Press. Inc.,
N.¥Y., N.¥. (1972) and cyclizing this intermediate
(intermediate 6) to the corresponding 0-(2-maleimido
ethyl) -0’-methylpolyethylene glycol using the method
described hy wWunsch et et al., Bipl. Chem. Hopve-Seyier,
vol. 366, pp. 53-61 (1985).

APPENDIX TO EXAMPLE T

i SYNTHESIS OF REAGENT 1
Structures of starting material, intermedliates and
reagent from syntheéis 1.
Starting material:
Generalized formula for monomethoxypolyethylene glycol
(MPEGx) ¢ ‘

CH; 0~ (CH,CH,0) ,~H



detected by nonitoring its absorbance at 260 nanoneters

used to al kylate polypeptides within. one hour of its p

the nPEG fromthis reaction can be renoved by base hydrolysis, this
reagent is useful for identifying tE_iej, site of AnkPEG attachnent to the
protein. B. SYNTHESI S OF REAGENT 2: Gx-AM DE MALE I M DE The

HPE®< tosy@gte (kng%r,‘rﬁcufat@qe?»)a HEepaled:iay demambedtbynBillai et

: them Vo . 536 -5370 (1980). The of, gsul fonat ed
i nt er medi gpelymereds ﬁia‘tlé%fi%lﬁéﬁ"ﬁ o?a‘ﬂ@tﬁrretsr i*G&l | %‘sag%ggn’gﬁﬁ%ed l%s/ Ni | son
and I\/bsbacgep 104, pp. 56-69, Academ c Pres.

Me,%ﬂ yTedod poypsvol .
| nc. N. Y 198 Th| S |nterrred| ate was converted to the
pht hal i mi d%nasm?ﬁﬁ%e (}htermediate 4) and subsequently reduced with

hydrazine hydrate to the nPEGk-NHZ igternediate (internediate 5) by the
procedure I ~@laal . (B2 -dhe-ami o cyorip capacity in equivalents
per gram o\ehﬁro Egﬁ 1@0) uanlzl fF)ed by tafcrotitration with hydr ochl ori c
acid. The nPEG=- NH,. was reacted with sulfo-SMCC in HEPES or phosphate
buffer pH fnte¥mddDaéepperature for two hours. The anount, of the

i aPEGX- am ne to sul fo- SMCC was teste at m)k‘% ratios of 5:1 to 1:5. To

tV\B.S

pol ymer (reagent 1) eluted at the void vol une of thquﬁgA%
ur céﬁlon Si nce

determine the optinmal conditions the nal gent (reagent 2) was used in
pegyl at i ongl\f/xéae-t(chﬂzfahm-t t@fmmrw—&mcq Ly ol EQED L--1ra (we

w | | REPLACMENT SHEET 9 February 2004 -36 use this designation for the
pegyl ated product of IL- ira reacted with reagent 2 and -DZC T-L-Ira for
pegyl ated Reagemntftom a reaction with reagent 3 described bel ow) obtai ned
fromthese reactions was assessed byEDS--po acryl am de gel

el ectrophorceilos (ér?%g%) Th?cnc&g ot SNﬁ&QQ:HM) —@4‘
-CH2-N

SYNTHESIS OF REAGENT 2
Structures ol startinq material, intermediates and
reagent from synthes:.s 2.
Starting mater:.al.
Generalized formula for nonomethoxypolyethylene glycol
(mPEGX) * '
CH,0= (CH,CH,0) ~H

where x denotes the average molecular weight of the
polymer in kiledaltons and n is the average number of
repeating oxyethylene groups.

Intermediate 3:

CH,0 (CH,CH,0) _;~ (CH,CH,) —o-§—®CH3

Intermediate 4:

CH,0— (CH,CH,0) .. =~ (CH,CH,) —N_

Intermediate 5 (RPEGX—NH;) :




of SMCC to. nPEGx-NH2. Hi gher proportions of SU|fO-§%g§ﬁ§%§E§E3ﬁgﬁ$ ltiple
hi gher nol ecul ar wei ght derivatives of IL--ira on .iuple
peaks on anal ytical 1ion exchange chronmatography and | o ns -
resulted in a reduced yield of pegyl at g protein. Reagent was purified
by size exclusion chromat ography usi ng &5 sephadex resin. C SYNTHESI S OF
REAGENT 3: DE_ E NH2 (internediate 5) can be nodified
further tC)éﬁﬁgiiéﬂﬁg 'énfaﬁggﬂgl%%%ol--derlvattlve (reagent 3).. The

| atter was acconplished. by reacting the nPEGx-NH2 with nal eic anhydr| de
via an adapiaddenc ot the procedure of Butler and Hartley, in Methods of

. Enzvnol ocly, vol. XXV pp.. 191--199, Academc Press.mlnc. NY., NY.
(.1972) and cyclizing this internmedi ated (i nte nediateagﬁlto the =

cor r espondidRry0G- (CH,Qtigo g qt (OH,GHNAH - et hy pélsE: ene gl ycol using
the met hod described by Winsch et al., Biof. Chem _Hofyne- Sey?er, vol.

366, pp. 53-61 (1985). | APPENDI X TO EXAMPL- | SYNTHESI S OF REAGENT 1
Structures of starting materANTHESESE REIRERSFEhAE reagent from synthesis
1. Startingtrhetuges Gen@talnrz:ﬁdg T et Baf pr i nRBeReBi@aeR0 et hyl ene

gl ycol (nPEGké gh 0@%@ REPLACNENT SHEET 9 February 2004 -37
where 'x denotes the &Vera ar ::eight of the polyner in
rkiIodaltonsshﬂdtﬁnssmﬁwgra¥€mage nunber of repeati ng oxythyl ene groups.

| nt er medi atfnéerg@aqat@gz G o 1,1-2 .CHZCH2) -d-CR--CH2Cl i 2CO0=
Internmediate 2: CH3O (CHZ x &HZCHZ) -0-CGCHzCHz-- -NH (CHZ) 6 NHZ

CH,0~ (CH,CH,0) .~ (CH,CH,) —NH,

Intermediate 6:

CH;0- (CH,CH,0) ,_,~ (CH,CH,) —N‘ﬁ—g—c:ﬁ:cn-_cooa

Reagent 3:

Q-(z—maleimidoethyl)-0'-metﬁy1 polyeth}lene glycol

CH;0- (CH,CH,0) .= (CH,CH,) ~N

AAMPLE II. P EPARRTION OF PEGYLATED NATIVE TI-1lxra

Various. parameters were tested In opt1m1z1ng
the pegylation reaction of native IL-1ra with
successful pegylation assayed by visual inspection for
a single tight band at 29 kilodaltons on Coomassie
stained SDS-PAGE and a single sharp peak by analytical
ion exchange chroﬁétography. Unless otherwise stated,
pegylation reactions were done at 1 rg/ml ef native IL-
lra at room temperature in HEPES buffer pH 7.2 with a
NPEG reagent to IL~lra ratio of 2:1. The reagent used
in these studies was mPEG-ami&E-maleimidéh(Reagent 2) i
and the product is referred to as mPEG *IL-lra but the
results are applicable to all-three reagents.



Reagent 1: 0 CH30-" (CHZCH20) n_1-(CH2CH2) -0 - CH2GhR2 MIJIEET
6-NLi -C-D~- -CH2 --N SYNTHESI S OF REAGENT 2 structures o %E &ng
I g P%r al :

material, internediates and reagent from synthesis 2. star

Generalized formula for raononet hoxypo3. yet hyl ene glycol (nPEGX) CH3O
(CH2CHZO) , --H where x denotes the ayggage nol ecul ar wei ght of the polyner
I n kil odaltons and n I s the average nunber of repeating oxyethyl ene
groups. Internedigte 3py O (CHZCHZO) 1-- (CHZCHZ) -0 8' O N CH3
Internediate 4. C, 0 - (CH2d i 20, 1 (tCHZCt

( "PEGX- NHZ) : REPG#ENEkﬁt HEE?eaﬁ“%QBF_gry‘fﬁbﬂ o n. |
(CH2CH2) -dWhiyReagerior? 0 GiGo D& K@ S . - NBcgveTgion )0% IL(‘CHCH 2 Z
3 n-~ SYNTHESI CF REA! #:9{:1{1” h | i1 Afyer medi at es
and reag@rﬁ f?Sm synﬁt@l%ﬁ artl%sé %?Er ?;Ié r[gﬁdrﬁgﬁj&%e)gl ]é?gﬁ

(| PEGF- NHBo four hours and the total amount oI RPEG*lL-lra does

not increase or decrease aiter-longer periods of
incubation. The quality of the mPEG*IL-1lra assayed by
SDS~PAGE decreases at longer times due to the
appearance of additional bands and smears at higher
molecular weights on the stained gel.

B. TEMPERATURE

Pegylation reactions werxe incubated at
temperatures of 4°, 25°, 37°, and 50°C and then analyzed
at time points of 0.5, 1, 2, 4 and 17 hours. The
reactions at 25° and 37° generated a large amount
(about so%'—so%z) of pegylated protein within one to two
hours but those at. 4°C and 50°C resulted in a much
lowexr yield (10%-20%) even at the later tiwme points.
The quality of the mPEG*IL-lra does ngt seem to change
si_gnifi_cantlyj wil‘l:h'temi:.e:ath__fe.‘ '

C. PROTEIN CONCENTRATION

Pegylation reactions have been done with
protein concentrat‘-ons (nat:.ve IL-1lra) between 50 ug/ml
and 10 mg/ml. All of the concentrations tested worked
well and there was npo difference in the quality <f the
RPEG*IL—-1lra.

D. pH

Native IL-lr.;. was pegylated under the reaction
conditions stated above between pH $.5 and 7.5. The
quality of the mPEG*IL-lra is slightly better by SDS-
PAGE and i‘on“exchax_'tge at a lower pH (5.5) but the
percent conversion is the same.

E. wPEG-AMIDO-MALEIMIDE TO NATIVE IL-lra RATIO



CH3 0- (CHzZCHZO) -1- (CHZCH2) -NHZ Internediate 6. B M@Nﬂ@ﬁ@T” | -
(ca2c:42) -NH G CH=CH COOH Reagent 3: 0--(2-nal ei m doet tgyer)b BRERY !

pol yet hyl ene gl ycol CH30- (CH2CH20O n_j- (C !ZCHZ) XAWMPLE I. P EPARATI ON
OF PEGYLATEb NAT VE IL-Ira Various.paranmeters were tested in optim zing
the pegylation reaction of native IL=kfa with successful pegyl ation assayed
by visual inspection for a single tight band at 29 kil odal tons on

Coonmssi e st ai nedHSDEPPEE vatiasspighetsR®p Pt FP A Yt3kal  ion

exchange C@ﬂ&”ﬁbﬁ% %&FﬂoJﬂHﬁé¥hiaéwiaMﬁé*eé@tgﬂrlvaegyhatua@ reacti ons
wer e done at ea native IL ra. at L erature

S
buffer pH r?iclhﬁnrt Fhan aheyY e%rg’erﬁaﬁ"b“—f LE7 r &= 7 AT 506 cgnferfﬁgnr e%gent used
in these stndi p&gqaajﬁélﬁ}fm deg rEleima deSQReaQ&ht 2Ratded geadrexuct is

referred t K s app ipeaal ? three
reagents. %EEEA%:\D/ENT%E%& QL%:EYEN uar‘£ 2%6% %Ql TI.VE ﬁﬁtﬁon
reacti ons by Aoerepsing Lihe aupirt ehatyrsa RiGh Fo3 ey

Conver si onpghakher lreduded shdiepRenyhid eful @il s peats eire i30% 90t) in
tiro to four_ hours* .and the total amount of =PEG'IL-1lra does not increase

or decr eas8¥ghangdg SNIYREIITRPFHts of incubation. The duality of the
nPE: G*I L Ira assayedebpptﬁﬂﬁlPA@qiammmsiml¢m@@rtbn’bb due to the

'appearance at ahigg 1 eftll4d{e Wei ghts on
t he stai ne dég %MH@Q 5?2??.135 rgglct P*?r?s lv\r{:/'le}lre |ncuPBat ed at
t enper at ur@§"-‘@fr1@1 :25"'1'9171“aﬁ’aeSBéréﬂﬁtFﬁénuéﬁgl'yz‘é’da &% iHESoi nts of
0.5, 1, 2, zhidy-rdaLdDuigesTheirseact esfs fbdr28—-anHodZ8 gsﬂalgat ed a large

amount (abgut. 50% 8990 . oL s Redyl aLRd-REALCLA LN Wi L5l
Sulfo~SMCC to mPEG-amine. With these conditions 80-90%
of the IL-lra is converted to the pegylated form using
reagent synthesized with either mPEGg,,, Or WMPEG, as
the starting material (Figure 3).

F. PREPARATION OF IL-lra PEG DUMBBELLS

PEG dumbbell complexes containing IL-lra are
made accordinéﬁtc the same procedures as other
PEGylated TL-1ra species. A 2-4 molar excess of bis-
maleimido PEG to IL-lra in HEPES buffer at 7.0 is used.
With IL-lra, the species used may be the wild type
nolecule, which has a free and available cysteine
residue, or a mutein prepared as described herein. The
IL-ira is at a concentration of 2-3 mg/ml. The
reaction is incubatéd at ambient temperatures for 4 to
6 hours. The IL-lra PEG dumbbell compounds are
purified from the unPEGylated and singly PEGylated
species by MonoS cation exchange at pH5.5 in 20-50mM
MES buffer using a gradient from 0 to 1000 mM NaCl.
Further purification may be achieved by size exclusion
chromatography using a BioRad TSK 250 or Superdex 75

column, as described below.

EXAMPLE TIT. PURIFICATION OF PEGYLATED NATIVE TI-—lira




hours but those at. 4C and 50C resulted in a nuch. hepeicmEROSIHEST- 2099
-even at.the later tine points. The quality of the 3aPEQ@¢tdsdhd s8@gs not
seemto change significantly with tenperature. C. PROTEI N CONCENTRATI
Pegyl ati on reactions have, been done with protein concentrations (native
IL-Ira) between 50 ug/m and 10 ng/sk1-All of the concentrations tested
worked well and there was po difference in the quality of the, nPEG
IL-ira . D. PH Napiuye dilcdtion vat paggleiedivader™ ke ASAEHE B¥nditi ons
stated above between pbH 5. 5.a0d .7 Sy G i dnabhbynefdgi@pEG I L-ira is
slightly Eé‘t%tlé?n b~ -g%AéE %ﬁ\i eiorfcexchan‘ge at a.l %%‘i'ﬁ- 5) but the
percent comeseiprocedtnessane aopyrrable) B0 PREFIR NATTVE IL-ira
RATI O REP %N% EEL 29 1FeBRa Yeddidn s 4 0a¥éctdbieat] ataives  of bet ween
0.5:1to % 0 ds#lﬁe maDE am do--ma?eimde to native IL-lIra. Ratios
hi gher than about 2:1 result in efficient conversion to the pegylated form
of IL-lra (50% 90%1# @erioF BRCHRNGE (CHROMATNGCRBREVer, generate | ower
qual .y nPEG'IL-Ira  by.lacreas) BEDWRL- 30z e@Xis Bndi ShMBRbECUI ar
wei ght bands on r cﬁe{%iE%DS:'PA&gaagﬂrmltl‘pl e peaks on ?og gexc& nge

u of

n

chr ormat ogr gphgrnEks 20 paatamn SsEER oROBYNMFS OS5 Hot A At i

nPEG* | L- | raﬁﬁggg;al_' Bedieand diigtdd YEPEnt BRe eRU@Tralysimg hansahe paraneters
used, is ;1 nPEG_ auiido-mal ejm,d -tra.at 2 houkg,USi Ng
NPEG ani dodFardemtdETGEhet a*f‘éd”&#% g/alfgll Jirn att?})e (2)%9“;38%? ojf-é‘éNCCF?’o

MPEG- ani neeyxXinph o, hesmebitiedons-agageknisss tdfe 320 aNaSleoMdrdi%ed to the
pegyl at ed rmusi. re hes, WM e digs EGs acaudir¥PEGabaa
RS the stERE RYEik e‘hgg%g%ﬁ%gtrie% )?%%.1 PREPARATI ON,OE | L-{rg e
DUVBBELLS analytical ion exchange chromatography and SDS-PAGE.

MPEGgq,, IL—Tra elutes at 1somM (Figure 4).

B. SIZE EXCLUSION CHROMATOGRAPHY

The mPEéﬂmd*IL—lra, which runs as about 52 k4,
and MPEGg,*IL—-1ra, which runs as about 68 kd (based on
column calibration with known size sfcandards) , can
easily be sepgratgq‘irqm_unmodified IL=-1ra (17 xd) by
size exclusion chromatography on a Superdex 75
(Pharmacia) column with standard chromatographic
technigues (Figure 5).

EXAMPLE TV: CHARACTERIZATION OF THE MPEG *IL—-lXra

| Purified mP;EG‘;'rIL-lra gave a single symmetrical
peak upon rechromatography on Mc_mos and appeared pure
by both SDS-PAGE and size exclusion chromatography
(Figure 3 and 4). A cowmparison of the tryptic maps of
IL-1ra and mMPEGgy*IL-1ra showec_i one peak,
corresponding to the peptide containing €116 and cl22,
absent from the conjugate map with the appearance of a
new broad peak ‘in this map. Subdigestion of this new
peak with chymotrypsin and subsequent amino acid -
seguence -analysis indicated that cllé had been
pegylated under the conditions employed (Figure 6).



procedures as other PEGylated IL-Ira species. A 2- bi s-
mal eimdo PEGto IL-Ira in HEPES buffer at 7 0 is used. t he
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IL--3.ra is at aconcentratlon of 2-5 ng/m . The reaction is incubated
at anbi ent EXANE o SPREPARATEONGOKC - FEXNS, PEG dunbbel |
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unnodified I-1ra elutes at pur| ty is assessed by
various tedthiRR@e PALFEdERgLeRARDy MeXs angeadechdictherbampbakaphy and
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(17 kd) by the uracil containing strand is degraded by the DNa

PEG dunbbel | conpl exes containing IL-1ra are made @é&g%same
uqry 2P

repair mechanisms and the mutant strand is allowed to
replicate. The mutant phage were screened and
sequenced by standard techniques. The fragment
containing the mutant gene was then subcloned into the
expre551on vector pTST (Eisenberg et al Nature vol.
343, pp. 341-346, (1985)) and transformed into the T7
EXpression sfstem strain (E._coli B1l2iDE3). oOther E.
coli expression systems may also be used.

Expression clones were grown in Luria Broth
supplemented with 1Sug/ml tetracycline at 37°C. When
the cultures reached an optical density of 0.8 at 600mm
they were moved to 30° and IPTG was added to a final
concentration of 1 mM to induce expression of the IL-
ira gene. Total accumulation of the IL~-lra protein was
maximal after 4-6 hours and did not change
significantly for up to 12 hours post induction.

EXAYPYL.E VI: . PURTFTCATION OF THE IiL-lra MUTEINS

Cell cultures induceg as ggséribed above were
harvested by centrifugation at 10000g for 10 min. The
cells were resuspended in 30mM sodium acetate buffer pH
S.2 in 20-50 mls. Lysis was achieved by two passes




si ze excl usi on chromat ography on a Superdex 75 (Ph I th

st andard chromat ogr aphi c techniques (Figure 5). ﬁiﬁﬁ?ééﬁgﬁﬁ;éﬁggzu
CHARACTERI ZATI ON OF THE nPEG, *aL-Ira Purified inPEC =IL-1r a single
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-- sequence ana 1.S |nd|cat 6 efl.g f@é@d under the
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PXAMPLE \goPRERARAK @aﬁedwluh ghe| grme D82 3GH fRMERT ’§ s 88% ornmed on

single st gged %ffﬂﬂlkaewhkehhaeqa&eacmﬁl Hut Det heobhizibingphage
1413. Bio

s Mitagene kit was_used which uses e described by
Kunkel et2@omM\itafolis i hnrg 818938I°af§4°ver %@3 %%ggggaéBrlefly,

single stagded xfwuleaal dhe awps ogexr @trecsu@xfglew TEPUTASY] (386%)n t hat

contains the dut ns,adggﬂgg|5uk4n‘&gﬁpbgteahhb@ cont ai ns
uraci| i nSPEadSH? ?ﬁ ﬁng#gah %ta en|C(ﬂ|gonucleot|deﬁﬁbet en 20 and 30
base pai r achidwndgt bshbge ofhesalicn eXNIANEE (ERPlLAFeSUS “second strand

was resynggﬁﬂgggggsbggmgmﬁ JPolnyiRy aneaihidlAvhsgased Hox reaction
m xtures we

used to trans orn1a and t [ r in ich the
uraci| comeXeR¥y of r§ﬁ&'?& %g%k»ﬁgﬁgi SRLRILL | N

repair nechanlsns and t he
nut ant st sk | Saakkodsd was n&qﬂssﬁmxeuO1TQIYrGP&nPhpﬁﬂﬂXQﬁNQ?gkreened

and Sequ%%ﬁ%gegﬁrngQ$%¢%%f§§¥l§NE§ pUPLeH I AGERANhs Coilc Mawe tae nut ant

ene was then su one expressi n vector . pTST (Ei s et al
9Nature\/(;qmall change in protein charge the cﬂ%nge( Gner g

acid sequence. th these slight variations that would
be easily manipulated by cone of ordinary skill in the
art, this-procedure is generally applicable to all of
the muteins studied. '

EiAMPLE.VII: IL-lra MUTEYN PEGYLATTION

In addition to the native IL~1lra, nmuteins
c84s116, cB4cllié, c0s1l6 and <¢9sl1ll6 vwere negylated..
Enploying the sane conditions used for the native IL—

ira, the pegylated forms oi cB84sllé and c84clle were
produced and purified. Since cB84cllé contains two
reactive cystelnes pegylation results in a higher
molecular welght prote;n at about 40 kd on SDS~PAGE.
This protein can be purlfzeg by cation exchange or size
exclusion chromatography and runs at the expected
molecular weight of about 68 kd on the-latter when
using PEGsoeo- -

EXAMPLE VIIT. _EFPICACY OF THE mPEGXIL-lra

The efficacy of the pegylated native IL-1lra
molecules was tested by a standard competitive receptor
binding assay using S¥-IL-1lra as the ligand. Mouse
cells (EL4) containing the mouse type 1 IL-1 receptor



343, pp. 341--346, (1989)) and transeorned into the IIEP[{E(’,‘IQERI%% fystem

strain (E. coli B121DE3). Other E. coli expression sys 1:[;&%/ _ be
used. Expression clones were grown in Luria Broth suppl ?n%en eJy\?m ?%

15ug/ M tetracycline at 37C. Wen the cultures reached an optical density
of .0.8 at 600nm they were noved to 364and | PTG was added to a final
concentration of 1 mMto induce-expression of the IL- ira gene. Total
accunul at i oroofhahetelk- bed Lgr (&0} wPrensd phl LE¢Repr 2leNkSuLSTENd di d not

change' i aih{i faRRLY chle WP SRk dioUier #0stet ngucti Qn1oBXARLE. VI
PURI FI CATI HE TL-Tra MJTELNS Cel | cultures induced as flescr.l bed above
were harve®el ¥§ldeand flugati®BnCat B3y Wedr 15 SHTECThEel el 18 were

resuspended 96 @0nY sddivebiaeaet aisHrs f erSPHILS12ai wibr 50 speifisi s was
achi eved by 100,934 e%’ng(%‘%G@' EEJa? 9a$§9&“@5ya299.ﬁa143 t hrough t he
-E S1'. e cell Ty

French Pressuré cal ) sate was centrifuged at 10000_
for. 10 m nuteacentmatdeirupiie RN on GRLA | bagRACoHRE 8d99eSedtfar ose col um

a|nd£ Wgsheg }/\éébihhefiﬁlﬁi@f% gﬂérrg\i/l@rﬁ@im _rll_ﬁo75m\/b?1Naﬁh- aIuwelat It;d& ‘mutein
eluted w buf,er containin o sin S._ oV e 'on
exchange re’ﬁ‘ﬁug’é’ﬁﬁ tfg°(f %n béo‘b’?%cﬁll\%tq St sf?fr?ef c‘?eelﬁltgﬁ???yg%@BS% f or
pegyl ati on sfilitesedrmnrglpu iHilchilbhel:aﬁib@eraphia&wedﬁigilri@axtmer ion
exchange resipgs i‘cﬁ&}&rﬁ% e%epi@r:ﬂﬁea 50ROk IHi, S REARIWS Mt wsed for
several of the I'L-i ra rmiteins wth equal success. in some cases It was
necessary t onN@PREPASIE 513 et/ RPUnG (FOURBRe efRBRa R dNEFs HERAVSE 3 Puri fy
nut ei ns. vmgcbob&\teeda ors rel IAW%@ﬂ%@nanyhﬂcanam@agdu@ td}fsdﬁgwnb ge i _nl
am no aci t h, 0 a u e easily
mani pul at ed Booana g AiErseStton bop kAt ARl vl Caure fo
general | y appkhlcadiatad and wiedtte fompRNe ShedPegylRmdPlEdd | . |L-3-ra

MJUTEI N PEGYLARkDdified forms of IL-1lra. Unmodified wild type IL-—
lra and ¢84s116 have egual KD’s for the type 1 mouse
receptor of 150-300 pM in our assay. The kD for the
IL-lra pegylé._ted form is about 400-800 P4 and for
pegylated c84s116, 500-1000 pM which is 2.5 and 3.5
£old higher than that of the unmodified protein
respectively. The kDs for all but one (c6sllé) of the
uﬁpegylated muteins are within 65-150% of the native
protein, within the standard error of the assay. See
Table 1. ' .



Enpl oyi ng the sane conditions u tﬂ&,&@gogative
IL- Ira, the pegylated forns of c84s116 and c84cl116 were produted and
purified. Since c84ell6 contains two reactive cysteines, pegylation
results in a higher nolecular weighggprotein at about 40 kd on SDS- PAGE.
This protein can be purified by cation exchange or size exclusion

chr omat ogi%\%n@y and runs at the expected nolecul ar wei ght of about 68 kd an
the-lattér en

usi ng_PE E »&FPI CACY OF THE PEGIL-I.ra
The ef fi dHBELYILE h@l‘"pgﬁﬁFﬁgggnﬁli-\)%MEﬁ%é&%ﬁicul es was tested by a
standard conpetitive receptor bindi nqzﬁ%ay usise Ok L-Ira as the
| i gand. Mouse cells (EL4) containing {48 nouse 1 I1L-1 receptor
REPLACMENT SHEET 9 February 2004 -44- or hanster cells (CHO expressing
froma clykoeEirygene the human type 1 receptor were ;sed at 1 x 106 cells

per well and 1 x 105 cells per well, respectivelynnain 96 well mcroliter
di shes. S35-TL- 1 ¥Rt F¥BEspecific atit?’vgty of z@ﬁo G ;mol was added to a

final concentrat®®hSbte150pI. Cold Iigand was adged in

In addition to the native |IL--1ra, nuteins cS45116,R|§F8,f1 NTC§§H—_'I%‘F and
c9s116 were pegyl at ed. S

| serial dilutions
from28 mMto 13 § allowed to ingubate for 4vhours at 4C.' The cells
were then filter S gough a MIlilitegs $ilter peate (MIlipore, .5

m cron pore size LaRQke filter), washpdsto renmoe& nonspecifically bound
counts, the filter renmoved * and counted on an Anbi s Radi oanal yti cal

| megi ng Sygi:a¥r-fewi | i brium di ssoci-ation constants (kDs) were calcul ated
and used to conpare the pegylated and wunnodified forns of IL-ira.
Unnodified wild tymngds |ra and C84s116 have equal kD'? for the type 1
nmouse receptor OfPERQYHEDDEpPM in our assay. Re forthe 1.L-Ira

pegyl ated form i s RESy4,CAA61860 pM and PO ®Opegy it ed £g4s116, 500-1000 pM
which is 2.5 and PEGgeCllé , Wols 58

PEG, qC845116 70-80 30
PEGyg,COS116 ND 22
PEGgeaC9S116 ND 12
PEG;,00C116 78 20
DOUBLE :
PEG(gqC84C116 . 70-80 = 11
PEGgqC84C116 150-200 é
PEG,;00eC84¢116 175

DUMEBELLS

PEGy500C1 16" . 5565 &°
PEG;50oC84 iy 4

PEG 4 60aC216 x75=200 49 .
PEGyq,000C84 200 24
PEG,q gpaC8 4 >200 ‘

‘ tivity
ta are presented as a percent of the ac C .
gihibitedey unmodified Il-1ra. Standard deviations
are within 10%.

EXAMPLE TIX: PHARMACORINETICS OF PEGYLATED NATIVE
MUTEIN IL-ira

e O e i .

The pharmacokinetic character of several
pegylated native and nutein IL-1lra molecules was tested
following intravenous injection of the molecules to
rats. Native or pegylated IL-lra was injected as an .
intravenous bolus dose (3 Ag/kg). Serial blood samples



fold higher than that of the unnodified protein req@§§EAé@E§g-§' bs for
gy o0

all but one (c6s116) of the unpegylated nuteins are w Z0 of the
native protein, within the standard error of the assay. See 1.
REPLACMENT SHEET 9 February 2004 -45 TABLE | ANALYSI S OF PEGYLATED IL-1.ra
MOLECULES SI ZE Rr CEPTOR ( kd) ASSAY M | TEFQ-W LD TYPE17. 5300 C84S11617. 598
C9S11617.567_ (6S13.617-237 | 1617. 563 C64C11617. 595 PEG'IL- lra. SINGE
Cl16 50- 6034 PES %EEW’ %é"’i“cs%fwas-ol- etF Y8 SHECSTEHS0EPE TRy SPPEG

ab500 70-80 3Iregylated IL-lra by ehzyme-linked immunosorbent assay
(ELISA) . The resulting plasma IL-ira concentration vs.
time profiles (Figure 8) iliusirate that pegylation has. . .
a pronounced influence on the disappearance of Il-lra
from the plasma after intravenous injection. The
declines in plasna IL-1lra and pegylated derivatives of
IL-1ra are best described by three exponential
components. The data indicate that pegylation prolongs
the half-lives of these exponential components up to
six~fold in the rat (Table 2). The half-lives of these
exponential components increase as the size of the PEG
molecule inéreases (Tébie 2). Additionally, there is
evidence that the prolongation of the half-lives may be
pegylation site-specific. ' Standard compartmental
analysis was used to interpret the data of Figure 8.
The prolongation of
haif-lives may be explained based on accepted
pharmacokinetic theory which states that the plaspma
-half-life for a.drug is inﬁersely related to the plasma
¢clearance for the drug and directly related to the
-apparent volume of distribution for the drug.
Pharmacokinetic analysis of the disappearance of
pegylated IL-lras from the plasma indicate that the
-prolongation in half-life is inversely related to-a
decreased plasma clearance for the pegylated molecuies,
compared to native iL-ira (Table 2). The decrease in
plasma clearance is consistent with an anticipated
size-related decrease in glomerular filtration of the
pegylated molecules by the Kidneys. Also, the
prolongation of the half-lives by pegyla%ion is
‘directly related to an increase of the distribution (Vvd
steady-state, Table 2) of the pegylated moclecule. The
increase in distribution volume indicates greater
penétration of the pe;ylzfed molecules inte the
extravascular pool. Through this mechanism pegylation
improves therapy with IL-lra by increasing the extent



PEG8500C84s116 ND 22 PEGB500C0s116 ND 3.2 PEG8500GYsdLniengSs
2000c116 DOUBLE C84c116 70-80 11' PEG 5000 3c84CLlI'6 15Qr 2 gﬁﬁw 1755
PEG12000c84C116 DUMBBELLS c116' 55-6549 PEG 3500 c84 6049 g%’ cll 6

1-75- 20049 PEG
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to which the active molecules move ifrcz the systemic
circulation into the extravascular compartment, a
compartment in which IL-1 recepticrs are expected to be
jocated. Because of the similarity between rats and
humans in both clearance and distridution mechanisms
for TlL-lra, it is apparent that pegylation will
similarly improve the pharmacokinetic properties of IL-
lra in humans.

1. Additional intravenous oha acgkinetics for
pegylated IL-—1ra
The intravenous pharmacokinetics for eight
additional pegylated IL-1ra muteins have been
characterized using methods previously described. &
plot containing intravencus plasma IL-1lra concentration
vs. time curves for each of the molecules 1s attached
(Figure 10). Review of all of the intravenous
pharmacokinetic data (Table 3) indicates that as the
size of the PEG (single or double) is increased, the
plasma clearance decreases and hence the intravenous
mean residence time and plasma IL-lra disappearance
half-lives increase. The site of pegylation is
important in detérmining the extent to which the
. pegylation decreases the plasma clearance and prolongs
the means residence time. The addition of two PEGs to
IL~-1lra prolongs the .intravenous mean residence time
'foufteen-fold compared to wild type IL-lra.

2. Subcutaneoﬁs pharmacokinetics for pegvlated JTl-—lra

Absorption pharmacokinetics of pegylated IL-lra
muteins have been characterized following subcutaneous
injection of the molecules to rats. Serial blood
samples were drawn from the tail vein and assayed for
native or pegylated IL-lra by enzyme-linked -
immunosorbent assay (ELISA). The resulting
subcutaneous plasma IL-lra concentratjon vs. time
curves are plotted in Figure 1l. The subcutaneous



t0,000 .200.60 84 PEG ,, c¢ >20024 PEG20. 0a0c8 4 Datmg=myr as a
percent 'of the activity exhibited by unnodified I 1@@3%%%%3}%%%@%
‘ED NATI VE

deviations are within 10% EXAMPLE | X: HARVACOKI NETI CS
MITEIN I'L-1.ra The pharnacokinetic character of several pegylated native
and mutein IL-1ra nol ecul es wes tested P35l | ow ng intravenous injection of

t he nol ecul i r | ated L1ls1lr .Lnjected. as an
i ntravenous o%g’gaggss%n{a gﬁ tﬁ:lgﬁ% t)% erl éela :@1 o%%"%ﬁ%p%’gglﬁﬁkﬁA%ﬁ%ET 9
February 2008vaipapélatyr @8 T‘Cgkﬁnﬁqwltaeﬁqc VEEReanRd r assdgbddf to ridte ve or
pegyl ated |lsita Bynaesiyeeds mirrd prainQse beat=088a%0 LEbbgAhnaliE
resulting plaspa |L-Ira concentration vs. _time profiles (Figure 8)
~illustrate fﬂ&?‘%&&?l &l &?Wﬁ?lm%ﬁ#mﬁﬁ%@g“gﬁ?’?mn? 6f fh&lso

di sappear anceevéalk- ai ramamkabhlideqd Esinee ainfluenteaveEnpegylajtsain on. The

declines in phashR hiealy i dieay|ahes dstiyaliues ghoch b g ane pest

descri bed by _three exponentia onents. e data I ndi

pegyl ati on ptbréngs &Fetha my38 & dthe RER Expdhererardeofen@sanup to
six-fold in résitahceTalime 3)s germehdl Yy |iveseafetiDeseniexporealisd
conponents ipgr t si.ze of, the PEG lecul e i ncreases (Table 2)
Addi ti onal | y?gt ﬁg?gal%é.y %\?‘ledérr?csél't%a?‘ txﬁcg‘%?%f%nﬁéfﬁoﬁegf‘%?ﬁe Sﬂ%“fe-'zr'i ves
my be pegy*heEpPsRtione thyenigh chestlamphat tonparerdatibn ddmingsis was used
to interpretnghn dabarphidrWisids) ¢ WPl 00gabhoge0hyhal fald-yes, JBY be
expl ai ned basgg on %ccept eq 1Ph‘ar mEB-COkI netic. theor ¥h--¥hl ch states that'the
pl asma alfter the pegylated molecule reaches e systemic '
circulation (plasma) . This prolongation is profound

. and will improve the pharmacokinetic character of
subcutaneecus IL-1lra in humans.



half-life for a drug is inversely related to the plq§ 6&&@ for the
drug and directly related to the apparent vol une of %EE@;- EﬁﬂgaEgor t he
drug.  Pharnmacoki netic anal ysis of the di sappearance of d@ﬂw?%y 0fL-iras
fromthe plasma indicate that the -prolongation in half-life is inversely
rel ated toe decreased plasm clggrgnce for the pegyl ated nol ecul es,
conpared. to native !L-lIra (Table 3)_ The decrease in plasm clearance is
consistent with an.anticipated size-related decrease in glonerular
filtration of the pegylated nolecules by the kidneys. Al so, the
prol ongation of the half-lives by pegylationis -directly related to an
increase of the distribution (Vd steady-state, Table 2) of the pegyl ated
nol ecul e. The increase in distribution volune indicates greater '
penetration of the pegylated nolecules into the extravascular pool.
Through this nmechani sm pegyl ation inproves therapy with IL-ira by
i ncreasi ng the extent [REPLACMENT SHEET w9 kebraary 2004 -47 to which the
active nol ecul es nove frc® tif sysfenico ci™ cuhati o into the extravascul ar
ccapartment, a--@pnpartnent in which IL-1 receptors©are expected to be
| ocat ed. Becasse®Hf the simlarity between rats and humans in both
cl earance andS& &iri bution nmechanisms for IL-Ira, it is apparent that
pegy? ation wi Iy |simdarky id&prove thecphat masokinetic properties of IL
Ira in humans. 8. {Addi ti ofal FntraygenouS' nifar ngcoki petics for pegyl ated
IL-1ra The intrawgnous pharnmacoki netics for eight additional pegylated
| L-ira nutei ne d4¥Ye been characterized using nmethods previously described.
A plot contaﬁﬁﬁﬁ@ intravenous plasma IL-lra concentration vs. time curves
for each of the2mgl ecullesd s attacked (Fi gnreal0). «Review of all of the
intravenous ph@rracoki net?c fata gTabIaQSY“indicat§§ that as the

2" .

-

C116

wild _type.PEG(8500) PEG(5000)
12

1
59
160

3.
0.86

24
110
7.4
1.7
20
2.0
.2

yd initial, ml/kg
vd steady state, ml/kg
£1/2 initlal phase, min

plasma clearance, ‘ml/min/kg
t1/2 terminal phase, hr
i mean residence time, hr

t1/2 intermediate'phase, min

TABLE 2



size of the PEG (single or double) is increased, thegplASUENG SAERPCE
decreases and hence the intravenous nean resi dence 11 me rirgopBs ! L--1ra
di sappearance half-lives increase. The site of. pegylation is "inportant
in determning the extent to which the pegylatiori decreases the plasna

cl earance and prolongs the neans rest¥ence time. The addition of two PEGS
to IL-lIra prolongs the Intravenous nean residence tine fourteen-fold

conpared tQ Wil type LLobhBnp? SBQCHEiB%QHﬁrohﬁni LRk NGBl E $nkOr
nea’ y|atEéﬂggﬁ¥&%“”ﬁbSUTp%TUﬂ“ﬂﬁdlH&LOKIHE[ICS of CXﬁatec 'C-Tra mnuteins
have been charact@msﬁﬁiﬁQHhiﬁmb@F%u%%@ﬁahe6u§* ~RFe o et iMshe nol ecul es

to rats- f+ db%&ﬁpltﬁé weie ol ifemdhe éakboxgln and assayed for
pegy ate

native or IL-1ra ry enzyhe-1linked | ngngsorbent assay (ELISA).
The resul theHgLRvEcGEafBEUP ﬁF&&ﬁaQ§_W Fhdem ratfSh vs. tine curves are

plotted I@-ﬁEg@é?lhtioﬁhBltﬁbCwmagmﬂﬂﬁﬂREPLAGNENHUSHEEIl @nBelcdary 2004

-48 ph t d 3 | abi lit
for Lhe petyl S0ED A ALgure d0g op{RUiflec BRTgRFLERER OB ind

-eIatedixsxm@hatah@@@@eﬂ QN&HHRQF|4hﬁu%ﬂkﬂﬁ|?ﬁie6nhéP#ﬁP§tB@ﬁe'Table 3
al S0 revea Snaq’ SRRk Aes HaRidr \bHdyd uerEe ofhpegykaki @& on the nean

o or cactRRoERBR R e “ﬁeﬂ%“ﬁ%e@&é@#gﬁ’*ﬁ&ﬁg s T

i ncrease Ns.poBpSBisy 2AMe fidsad tTuly M e 20 si zZBurehanedis (m@r, _
absorpti On%%{zgoagh %J&c# AN ALY Gk eyl &t 1 o0 (L 98895 (XRAN paRERIRL | On

times) as ayed cIearancé"ﬁTTer t he pegylated noJ] ecul e

reaches tHé)sysﬁBm<Fu§§?Qﬂﬂ%ﬁqcﬁﬁ??ﬂ%&ﬁm&s°#ﬁF§dpFBﬁoﬁGQﬁLﬂFQQ;profound

and will ippreverde g@mkw@&t@rcm‘nctaisaﬁbe&qb@ﬁ afeous IL-lra in

hurrans. REPééuréVLéi [%43

D

341 (1¢89)) and transformed into
the T7 expression system strain E. c¢coli BLZLDE3. The
30kDa TNF inhibitor muteins were purified and refolded
as described for native 30kDa TNF-inhibitor. See, the
U.S. Patent Application Serial No. 07/555,274 filed
July 19, 1990. Refolding includes the addition of °
cysteine to the sclution containing the purirfied
protein. The cysteline aids in the refolding and “bonds
to" the free cysteine in the mutein.

EXBMPLE XTI: PEGYLATION OF 30kDa TNF INHIBITOR MUTEINS

The ¢105 30kDa TNF Inhibkitor mutein was exposed
to a é6~fold molar excess of DTT in SomM HEPES Ph 7.0
for 30 minutes at ambient temperature in order to
remove an extra cysteine attached during the refolding
process. The protein was then dialyzed against de-
gassed S50mM HEPES pH 7.0 for 2 hours to remove the DTT.
The c105 30KkDa TNF inhibitor was then reacted with a S
fold molar excess of pegylating reagent 1 (See Example
ii) for 2z hours at ambient temperature in 50mM HEPES pH
7.0. Approximately 60% of the mutein was converted to
the pegylated form.

The cl0S pegylation reaction mixture was loaded
onto a superdex-75 FPLC column (Pharmacia) zun at 0.25
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PREPARATI ON OF 30kDa TRH _1-1 MBI TOR MUTEINS Cysteine has been substituted
for the native residue at both the am_pq _termnus and carboxyl term nus of
the protein.as well as all three gl ycosyl ation sites (residues 1, 14, 105,

111 and 16 e [ Maggomxsnm Perdfmaaeeions single
stranded Dlj{f}g"ﬁrﬁldﬁ ?ﬁes% Da TN %}

|nh|b| e n t
bact er i ophagent@3ning £1PadhES 3 (H%%%rr‘gga ﬁlgé‘t Oqi qpe,L% éoggg? ghd
Applicatiom Sesbal orNa WH-BAHEW HPLedcdlhpnldBixoRrdMragentsi s was

done as descrlbigmf%lgﬂﬂ%%e a%% b&%?ézl (868 P fons containing
essentially pure cl05-PEG 30kDa TNF-inhibitor, as
determined by silver stained SDS-PAGE, were pooled and
the protein concentration determined by Bio—-Rad protein
assay. See Figure S.
The activity was determined using the murine
1.929 cell TNF cytoxicity assay as described in U.S.

Patent Application Serial No. 07/555,274 filed July 19,
1990,

EXAMPLE XIT: THE PREPARATION OF BIS-MALEIMIDO PEG
The éynthesis of the a-(2-aminoethyl) o=~

aminopoly (oxyethylene) derivative of the PEG

(hereinafter bisamino PEG) consisted of three steps:

1) sulfonation of the hydroxyl group using tresyl
chloride as described by Nilson and Mosback (Nilson et
al., Methods in Enzvmqlggg vol. 104, pg. 56, Acadenic
Press, Inc., N.Y., N.Y. (1984)), 2) substitution of the
tresylated intermediate by phthalimide (Pillai et al.,
J. Org. Chem. vol. 45, pg. 5364 (1980)), and 3)
.reduction of the phthalimide intermediate to amine by
hydrazine hydrate (Pillai, suopra.). Structures of the
starting material, intermediates, and products are
shown in Appendix 1 to this Example. Optimun
conditions peimitted a conversion of approximately 80%
of the hydroxyl to amine as determined by 2,4,6-
trinitrobenzene sulfonic acid (TNBSA) assay. The
‘bisamino PEG can be purified frow the reaction mixture
by ion-exchange chromatography. This is a key step for
removing reactive byproducts which can interfere with
dimer formation.

The bisamino PEG was acylated using maleic
anhydride (Butler et al., Methods in Enzvmologv vol.

25, pg. 191, Acaderic Press, Inc., N.¥., N.Y. (1272})



V). The nutageni zed gene was isol ated and subcl oned pEpt AotiRRTEIHEES ST ON
vector pT5T (Ei senberg et al., Natu vol. 343, pg. 341 (ng%l}ar%% 04

transfornmed into the T7 expression systemstrain E . soli BL21DE3. The
3CkDa TNF inhibitor muteins were purified and refol ded as described for
native 3CkDa TNF-inhi bitor. See, the -B2S. Patent Application Serial No.
07/ 555,274 filed July 19, 1990. 'Refolding includes the addition of

Cyst ei ne t ardiethsotatidbiogniacermedince ias i Gl pEetelA. PFREVSHSt ei ne

aids in th?x-r%&%&ngﬁage&b@u@&méféimitcftﬁ_iéxle@ﬁyétﬁ?m@nbm the nutein.

NXbXPLE XI :- ] ATLON OF 30kDa TNE 1'NH| Bl TOR. NITELNS Th_eli €105 30kDa TNF

| nhi bi t or nﬁﬂﬂéﬂﬁcmas‘se&%oseé—eé—a%ﬁ%‘?—m—msl - < $sV8F DT o n B50mM HEPES

Ph 7.0 fors80(1988)¢s aThisbidentivedniper aterets ivdtdesud.fhydaydee an extra

Cysteine attached duri 1.8f i eSSa»7BeRE ke Mas then
wddhegg kg%%a%gﬁggf%ﬁaog Ssz2nTBe Rl kbeha.Na

di al yzed ad’a’l‘%s? ) gasse 7.0 for 2 hours to renove the
DIT. The c105 3CkDa TNF inhibitor was then reacted with a 5 fold nolar

excess of %ﬂﬂtﬁb&%%%’ﬁ?ﬁ 8ee Exanple 1A) for 2 hours at anbient'
tenperature i n 50 ) . 0. Approximately 670% of the nutein was
converted t2Earkéngedlatardal orm The c105 pegyiation reaction mxture was

| oaded Ont@eAecFupdrdex-fAwERlC Dot wolyehbyletei glyicol REQ). 25 REPLACVENT
SHEET 9 February 2004 _51 m /éfg_n eR. &GPV Jgis pH 7.0, 100r*1 Nad -

Fractions containing c105-PE 30k Do TRE- fohi bi.tor were pool ed and | oaded
on a TSK- 200ReweHM desstafm Y @ﬁﬁ&‘!?uﬁ%ﬁcué.aﬁnﬁ’%‘-{ar?ﬁ H%ame buffer.

The fracti ogglg,g@traiim Nl 1 xsbetbhal ApdpHr €s0t0k- Br@rjeDanaitre ndif bi t or, as
det erm ned si_l v.er _ st.ai - P re pooled and the protein
concentratiﬁép&&t noéﬁ}%c&&s%%ﬁagéprgggi n assay. See Figure 9. The
activity was determined using the nurine L929 cell TNF cytoxicity assay as
descri bed i ﬂnltje%mediate ph .

F;~CH,~S0,-0- (CH,CH,0) ..,~ (CH,CH,) ~0-S0,~CH,~F;

Intermediate 2

N—(CH,CH,0) ...~ (CH,CH,) -Nj@
@ Y~

0 v
Intermed iate 3

H N= (CH,CH,0} ,_,~ (CH,CH,) -NH,
Intermediate 4

]
HOOC—CH=CH-E—NH—- (CH,CH,0) ,..;~ ( CH,CH, ) ~NH~C—CH=CH~COOH

O-{Z-maleimidoethvl}—O’—methvl—nolvethvlene glyvcol

[ - (CH,CH,0) 1= (CH,CH,) N |

-

-

EXAMPLE XYIIT: IN VIVO RESULTS FOR _¢105 30kba TNF
INHIBITOR FEG COMPLEXES

The inhibitory effects of four species of



Pat ent Application Serial No. 07/555,274 filed July LE XII:
THE PREPARATI ON OF BI S-- MALEI M DO PEG The synthe3|sr\]1%$L %ﬁTsﬁfﬁgf

a- (2-am noet hyl ) w ami nopol y(oxyet hyl ene) derivative of the PEG
(hereinafter bisam no PEG consisted of three steps: 1) sulfonation of the

hydr oxyl group using tresyl chlorigﬁ 388 described by N |Ison and_Mosback
(Ni I son et aI , Methods in Enzvnology vol..104, pg. 56, Academi c Press,

Inc., -NY. (1 siu;t%st |ﬁﬂ§g%efsiéc1ekre&xbamqem ermedi ate
by pht hali“ietgé’lufétfdp ?ﬁ%) )Bet}ge)a

J. ore 45, 1c:t‘ﬁﬁ4 (1980)),
and 3) rieducivonodf tMee diHEERRINR F&'5 rﬁ"éﬁ‘eu? e RETIRTS ydr azi ne
hydrate (Ri gigﬁs_sum Jendpdired l:l-fﬁ ﬁietmnesrarpangfrrﬁtle'rﬁ aHn

I nt er medi at es, _ and uct s ar.e Bdi xeh-ak@ridiisa y- Exanpl e.
Opt i mum %oﬁ’%?ﬁﬁ? éfrﬁut?%d Ey convers ;@G?Ea pRr ox| mat ol 80% of the
hydroxyl ¢ixwnhamaas mmm BND. 4 Boet FRR r't“Fo HFonte acid

(TNBSA) as ea;gh in Qﬁ@%iﬁrﬁgﬁﬁa@f bﬁeﬂui.-bbhé.d.s‘ rierhd Hehe eacti on m xture
by i on-exehange chronat ogr

Thj key. st r renoving reactive
bypr oductmemt@ne@éln&ﬁ‘ﬁ%‘%\!f%ﬁew rie M‘%EP gr‘r?'gﬁ]%a%" The bi sami no PEG was

acyl at ed Q&hﬂﬁl@&iﬁ&oﬂndaydhunien(Bat:bmbiatané:l INEvet hods in Enzynol ogy vol .

25, pg. 191, Academ c Press, _nc. N. Y. (1972)) REPLACVENT SHEET 9
February 2004 -52 and the resul tin |nterrred| ate as

cli.zed to. oduce
a- (2-mal ei ni doet hpkperimens RP)IopTTHE CKIETRYRBABF 2 %ﬁ&’ﬁf - Biol-

Chem o pﬁ S%\ﬂoeg_[rsj'gﬂ)l\(gg TRPO inBdbitoed ((%)D},D, TEG; Q@FIPEGIWV&‘;)’ eacts with
sul fhydryl'S 'via a

chael diti on L9 J¢ 9ak Rer «nAPPENDI X
TO EXANPLEthEb‘S?a?FP'Ngwi%g'[ nera | zed or nufig for polyethyl ene

gl ycol PE@nhddeti&hZEH/AL~6Hin the plasna of nice.
BALB/Cc female mice we_a:.gh:t.ng 20 to 23 g were

used to measure the induction of plasma IL-6 levels by
human recomblnant TNF. In a preliminary experiment,

the time course Wwas plotted for the appearance IL-6 in
the plasma after the intravenous admlnlstrahlon via the
£ail vein of two doses of human recombinant TNF (Ficure
12). Peak IL-6 levels occurred at twa hours aiter
stimulation with either 10 or 20 ug of human
recombinant TNF per‘mouse. The lower dose was used 1
subsequent experiments.

The potency of c105 30kDa INF imhibiter PEGyyg
dumbbell with -that of the unnegylated €105 30kDa TNF
inhibitor was compared. ‘Human recombinant TNF was
injected intravenously at a dose of 10 ug per motse
either alone or simultaneously with the TNF inhibitors.
Four dlfferent reactions of inhibitors to TNF were
tested (Figure 13). The ratios were calculated based
on protein conten;. Three mice were tested at each
dose. Blcod was collected at two hours after the
intravenous injections. IL-6é levels were measured by
ELISA. - -

Both the c105 30kDa TNF inhibitor and <¢105
30kDa TNF inhibitor PEG,q, dGumbbell caused nearly |
complete inhibition of IL-6 levels when administered at
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experi ment

Qget e cou se vva ted 3%’ thteqap&earanf % 6 in the
pl asma af t FFGHET RTEVE I'lgtnl At FheTREFYHIEPR of two doses
of human r daedvidd ifteex« TN (F| gure 12) Peak IL-b levels occurred at twa
hours. after Two other species of pegylated ¢105 30kDa TNF
inhibitor were tested. The inhibitory effects of ¢105
30kDa TNF inhibitor PEG; 5o Gumbbell and c¢l05 30kba TNF
inhibitor PEG,q go¢ Gumbbell were tested on plasma IL-6
induction. The inhibitors were administered by
mntravenous J.njec ion simultaneocusly with human
recombinant TNF at ratios of 1:1 (G105 30KkDa TNF
inhibitor dumbbell: TNF) (Figure 14). Three mice were
tested in each of the tﬁo‘inhibitor-treated groups.
Ten mice were injected with TNF alone. When
administered in ratios of 1:1, no detectable IT~6 was
neasured in plasma of mice injected with either cl05
BOkDa TNF inhibitor PEG; g dumbbell or <105 30kDa TNF
‘ .:thJ.b:Ltor PEGy, 0eo dumbbell, whereas a significant IL~6
response was elicited in the wmice injected with human
recombinant TNF alone.
' The results of the two experiments show that
cl05 30kDa TNF inhibitor PEG, q, PEGy 55, and PEG. g
dumbbells are good inhibitors of the induction of
plasma IL-6 by human recombinant TNF when administered
in a low ratio (1:1) relative to the stimulus.

Experiment” Two. The subcutaneous
administration of <105 30kDa TNF inhibitor (PEG; g,
PEG 5 pgo and PEGzo,uou) simultaneously with the



The | ower dose was used in subsequent experinents ? 0%105
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i ntravenously at a dose of 10 ug per _mpuse either alone or sinultaneously
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about 70% TreRETMPERAS BIF ¢ hi The ekBERPASRE |“n"’tﬁ“cat% THhA FAB Tatios
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dunbbel | c‘amtbd 'I‘CNF g:maa% evopereentafe 1 A lﬂ-“t’i‘%ﬁltl-lﬁaﬁn?ﬁetﬁﬁpegyl ated

i nhibi tor. oIwg +Qel1 Spe¢iey. Of:BQ&Yh&ﬁ% kOGeB0kRe ®hEe kmhbi bitor were
t est ed. The ILnhibitory effects.of cl05 % Tl\f {'nhl bi_ t.or, PEG3, 500
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plasma | L- pedittbigéaDncatheyi hbi bietrdormest £ afiowni mﬂ.epedeytk’lsnt ravenous
i nj ection giqultaneous)y %gntlgqaqass) (calcium and magnesi

free) is injected into the peritoneal cavity. The

stinulation with either 10 or 20 ug of human reCO"tF%EﬁﬁthﬂiEﬁTF@iE gfouse .

abdomen is gently massaged. The peritoneal fluid is
recovered'by aspiration with needle and syringe. The
total number of peritoneal cells is counted on a
Coulter counter. An alicuet of the cellular suspension
is dried on a slide and steined with Diff-Kwik stain.
A differential count of the cells is made by direct
nicroscopic examination. One hundred cells are
examined and classified as either neutrophils,
lymphocytes, or macronhages.

" In a preliminary experiment, the comnared
cellular make-up of the lavage fluid after
intraperitoneal administration of either pyrogen—free
saline or 7.5 ng human recombinant TNF was compared.
TNF caused an increase in the - percentage of neutrophils
and in the absolute number of neutreophlls present in
the peritoneal lavage fluid. ZIn saline-treated mice,
9.4 X 10 neutrophils were recovered in the lavage
fluid and made up only 2.3% of the total peritoneal
cells. In TNF (7.5 hg)vtreated mice, the total number ™
of neutrophils was increased to 12.9 X 10° and the
pércentage of neutrophils was increased to 192.7%.

The potency of unpegvlated cl05 30kba TNF



reconmbi nant TNF at ratios of 1:1 (cloy 30kDa TNF "WEIBLA MEW+ TNF)

(Figure 14). Three mce were tested in each of the two L &eated
groups. Ten mice were injected with TNF al one. Wen .a m ni s

ratios of z:?, no detectable IL-6 was neasured in plasma of mce Il’lj ected
with either ¢c105 30kDa TNF inhi bitor 8G3. 500 dunbbell or c105 30kDa TNF
.1 nhibitor PEGLO 000 dunmbbel |, whereas a significant IL--6 response was
elicited i niBhébAter Wit (e ss t‘P’F%%"aFled g%o%?ﬁaﬁf- O3 2 The

II;’ESCU| ts of Tpigg gwggggamem r(mt Joll) 2 X=Fe) t m%ngummepr Cn
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(HBS) (calc r&?éﬁ%%xéii‘g) 1hSchil Seteddnaig IR AT Hooeal cavity.

The abdorre? I's gent % massa peritoneal covered by
aspiration gﬁglgyepngglcﬁhgne unpegylated <105 30kDa

TNF inhibitor and €105 30kDa TNF inhibitor PEG; g
dunbbell significantly inhibited neutrophil migration
is 100:1. The ¢105 30kDa TNF inhibitor PEGqq o9 aRd
PEG, g00 dumbbells szgnlrlcantly inhibited neutrophll
migration at a ratio of L0: .

The results of this experiment show that cl05
30kDa INF inhibitor P=‘G3 soos PECGqq ggo @NA PEG,q gqq
dumbbells are good inhibitors of the TNF-stimulated
neutrophilic migrétion inte the peritoneal cavit The
€105 30kDa TNF inhibifors PEG; o and PEG,, 000 dumbbells
were more potene than the unnegylated clQ5 30kDa THRF
inhibitor and the c¢105 30kDa 'I‘NF inhibitor PEGS s00-

EXAMPLE XIV: FPREPARATION AND_ BIOACTIVITY OF cil05 30kDa
TNF INHIBITOR PEG DB

Synthesis

Recombinant c105 30kDa TNF inhibitor 2-3 mg/ml is
treated with a 4~fold wmolar excess of DTT for 2 hrs at
ambient temperature. The TNF inhibitor is then
dialyzed against de-gassed 50mM HEPES, pH 7.0, for 3

hrs at 4°C. To create the PEG-linked dumbbell, the TNF
inhibitor is reacted with different malar ratios of the
bis-maleirido PEG in 50 mM HEPES pH 7.0. TNF inhibitor
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Dff-Kwm k stain. A differential count of the cells is 'wade %y |rect

m croscopi ¢ exam nation. one hundred cells are exam ned and cl assified as

ei ther neutrophils, |ynphocytes, or nagrophages. In a prelimnary

experinent, the conpared cellular nmaKe-up of the |avage fluid after
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bruary 2004 -5 hi bi 1.0L mn three negyl at ed
speci es of Nafd5 SERPEIT FRECRRhi b6 @5E"§H§ﬁb ‘PEG&B 8% P . a2 00
dunbbel | s) dm@_;@oegaﬁaar ed. ctheepiyty hNaANF stepul usnyorxmmnlrxg 7..5
ng per nouse, hi, b, r | and 1:1
(c3.05 30kB§*Pﬁﬁ1‘i’ ﬁ‘l‘bﬁ‘g i&ﬁ@%’?&"e‘sﬁ)ﬁ‘ﬁ%e&? o7 gﬁﬁg‘%%ﬁ%a%%’{ ed
based on pnanupexmenﬂﬁ The mce were injected subcutaneously with the
c105 3CkDa TN= i nhibitor: sinultaneous to the intraperitoneal
adnmi ni stration of TNF SIX mce viere tested in each dose group. Four

hour s | at e248aYHa% AGENT AT EGNL d was col l ected and anal yzed. val ues
shown in Figure 15 Pﬁﬂtﬁef hB'erer:eaﬂhage aok Kd@liYsis ninhe permioneal | avage
fluid. Th ti0 u af,edyg L0 dNE=&nhi bitor
and cl105 3 ﬁlbl%éAgggébéigi DRsGH 262 pitinaidRie

is added after 1.5 hrs incubation another egquimolar
amount of bis-maleimide PEC is added. This is
incubated for 1.5 hours. This leads to an optimized
le%el of PEG-linked dumbbell formation. Then a 2-folc
excess ©of PEG reagent is added, giving a final PZ2G-TXNr
inhibitor ratiq of 4:1. This is incubated for 2 kxs
and the mixture is dialyzed into 50 mi acetate DE 4.0
for Mono-S chromatography. This yields a mixture winich
is primarily PEG-linked dimer and singly PEGylated TNF
1nh1bitor. This allow for more efficient purification
of PEG-l;nked dumbbell as there is a greater senaration
between singly PEGylated TNF inhibitor and dumbbell
than dumbbell and unPEGylated TNF inhibitor.

) This proceduré optimized dumbbell formation,
and allowed for more efficient purificatien.

STEP REACTION:
Afﬁer DTT treatment and diglysis into 50 mM

HEPESlpH 7.0 an B8-fold molar excess of bis-maleimido
PEG is added. This 1is jincubated for 2 hrs at ambient ™
temperature;' This converts essentially all the TNF
inhibitor to singly-PEGylated form. The singly-—
PEGylated TNF inhibitor is separated from PEG reagent



dunbbel | significant y inhibited neutrophil mgrati c105
30kDa TNF inhibitor PEGLO000 and PEG20, 000 dunbbel IC%EF;IT%%\* QTJS%%@F
hi s

i nhi bited neutrophil mgration at a ratio of.:10:1 The resu
experinment show that cloy 30kDa TNF inhibitor PEG~50~, PEGLO, 000 and PEG
0, 000 dunbbells are good i nhi bi tors_of_t he TNF-stimulated neutrophilic
mgration-into the peritoneal cavity. The ¢105 3 OkDa TNF i nhibitors
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Biocactivity of PEG-linked PNE iphibitor Dumbbells
The ability of ¢l05 30kDa TNF inhibitor dumbbells To
. inhibit the cytotoxicity of TNFe in the murine 1529

cell cytotoxicity assay was measured. This has allowed
for the determination of an EDy, for these molecules.
They are as follows:

wWild Type IXrINF inhibitor 220 ng/ml
BMH-linked dumbbells 220 ng/ml
1200 MW PEG~dumbbells 4.1 ng/ml
3500 MW PEG-dumbbells 4.8 ng/ml
10,000 MW PEC—dunbbells . 4.6 ng/ml
20,000 MK PEG—dumbbells 4.2 ng/ml

The TNF inhibitor dumbbells also have greatly increased
activity in inhibiting the cytotoxicity of TNIS in the
1929 bio-assay- The ED, values against TNFE are as
follows:

Wild Type rTNF inhibitor 70 pg/ml
3400 MW PEG-dumbbells 80 ng/ml
20,000 MW PEG—dumbbells 22 ng/ml



amount of bis-maleimde PEGis added. This is incqué dA MENSIFQ_'@EGPI‘S.

This leads to an optimzed |I|evel of PEGIinked dunbbel #ﬂgg Then a
2-fold excess of PEG reagent is added, giving a final P df yrr&%ﬁ ?bitor

ratio of 4:1. This is incubated for 2 h.--s and the m xture is dialyzed
into 50 mm acetate pH-.0 for ano-S_(‘gh_rorrat ography. This yields a,

m xture which is primarily PEG|inked*di ner and singly PEGyl ated TNF
i nhi bi tor. g
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I nhi bitor t han dunbbel | and unPEGyl ated TNF inhibitor. This
procedure gpti Sunbbel bn i sraBbikcoRetiard fald overdy ¥akredm3 @KBAf | ci ent
purificatiOm—STEP _REA ONI After DIT treatnment and dialysis into 50 niv
HEPES pH 7THEadnD¥ieoEp| ar excess of bi.s--maleinido, PEGis added. This

is incubated for ZTﬁ@Spﬁanuﬁﬁdkﬁnetrmpémar§¢§¢=TﬁﬁsSﬁmﬁﬁﬁks essentially
all the TNFE inhibito singl y-PE teddiudna ddbewss ngeverifedat ed TNF
i nhi bi t or P&gé'ﬁp%‘?%‘ﬁe%#?%m’fﬁ%e*%‘gg%ﬁ REPLACNENLSFEET egélire%gry 2004
-58 and anfoldme bhgglobradenedsTREMIFHSHHH -7 T5i el\b‘%- LC in 50
mM acet at e a—,QJ" éaQ%Wi tﬁaﬁi@écbrg'b%%'?qrattecﬂhmr simigiyiPeByWased material is

I nto ' D

diafiltere 0 mV "HEPES, pH 7.0

) d t /m. DIT
treated'ﬂwiﬂimﬁﬁﬁﬂoﬁsi§“tH@ﬁq%ﬁﬁQ?Q%)éﬁ%%éf@%%%ﬁ[?%%gi%? %%éf#?nked

dunbbel | . Afdgbled weke draenPEGdn rited tafikibbein redpasseyeéd J%g Mono- S
g SRS PG A i stk o |
dunbbel | f oximkedn iammenasarasnt saeEanr (FhESRYr m&#?‘&n rgfsuhgt er%du[rbbel |
conpounds. USenddll HSIHAcedNE {shioieabatohamtradiedn iV i BlEAsi ve.
BloaCFIVIt groggggg T%igdﬁg:igp'fiiSQt ng%hg% pegylation has =2
pronounced influence on the disappearance of INF
inhibitor from the plasma after intravenous injection.
Statistical moment theory (area under the curve [AUC]
-and aiea under the first moment curve [AUNC]) was used
to interpret the data of Figure 16. The data indicate
that pegylation prolongs the intravenous mean residence
time of TINF inhibitor up to fifty-fold in the rat
(Table 4). The intravenous mean residence time
increases as the size of the attached PEG molecule
increases (Table 4). Although not limited by theory,
the prolongation of mean residence times may be
explained based on gonvéncional pharmacokinetic theory
which states that the intravenous mean residence time
for a drug is Inversely related to the plasma clearance
for the drug and directly related to the apparept
volume of distribution for the drug- Pharmacokinetic
analysis of the disappearance of pegylated TNF
inhibitor’s from the plasma indicates that the
prolongation of half~-lives is inversely related to a
decreased plasma clearance Ior the pegylatgd molecules,
compared to non-pegylated INF inhibitor (Table 4). The
decrease in plasma clearance is consistent with an
anticipated size-related decrease in glomerular



The ability of c105 30kDa TNF inhibitor dunbbells tReppAdRENTISIE=ET
cytotoxicity of TNFe in the marine L929 cell cytotoxicilg

nmeasured. This has allowed for the determ nation of an EDSO forzyﬁise
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nhar r nacoRiméliagdy oHnpEQVEaFRE BHRBEACPIAPETHE phé?naco T ne

I ¢ character
of severaa e At etk 3RkRansNF i nhi bi.t or- nol ecul es was det er m ned

fol |l owi ng |ntravenous adm nistration of the nolecules to rats. Native or

pegylated TNF i.: :ibiitor was injected as an |ntravenous bol us dose-
Serial blagad ss b ango phawmacakdmetiid Far \pegylated

non- pegylﬁé&?;ﬁﬂ*ﬁgﬁLbﬁted TNF i nhi bitor by, enzyne- Ilnked |nnunosorbent
assay (EL

resul ting |ntrav nou
concentration vs. MISAFPLIR | PRITERFY FBe%é% EB?EBQ q?%at pegyl ati on has
a pronoumﬁﬁhbiﬁbﬁenaeeobekMEamanﬂqngrxzmﬂe£¢1I¢Wlngnh|b|tor fromthe

plasma after |nfravenous s &SdPbs the molecules to rats.

Serial blood samnples were drawn from the tail vein and

assayed for non-pegylated or pegylated TNF inhibitor
concentration vs. time curves and are plotted in Figure
17. The subcutaneous pharmacockinetic data (Table 4)
reveal variable systemic availability for the pegylated
melecules, related to the smze of the PEG, and related
tco subcutaneous lnjectlon in non-optimized
formulatlons. Table 4 also reveals a positive
lnfluence of pegylatlon on the mean residence time for
subcutaneously injected TNF inhibitor. Aas the size of
the PEG is increased, the mean residence time is
generally increased. While not limited by theory, this
increase is llkely the result of size-related slower
absorption through the 1yﬂnhat1c circulation (longer
mean absorptlon times) as well as delayed clearance
once the pegylated molecule reaches the plasma. This
proleongation is profound and will improve the
pharmacokinetic character of subcutaneous TNF inhibitor
in humans.

EXAMPLE XVI. SOLUBILITY OF PEGYLATED PROTEINS
Results of a solubility study are shown in
Figufe 18. Solubility curves are shown for Three

different preparations of IL-lra, and c84 IL-1lra



Statistical nonent. theory (area under the curve [ AWgp aGMENE §Fetpder the
first noment curve [AUMC]) was used to interpret the data gy df, 2064 16.
The data indicate that pegylation prolongs the intravenous neah residence
time of TNF inhibitor up to fifty-fold in the rat (Table 4). The
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prol ongation of nmean residence tjnes may _be . _explainedypased, on
convent i orBBGghAr NEIEKi FERFEITRROP VeI Bl “stat es t%ggathe i ntravenous mean
resi dence 1§ @o1 f eera pliate i tnversepyoreinsedtt & 5h@g Hsma Brear ance

for the drug and directly | al, t be gppacest peddingn of siatei bution
for the drﬁgﬁtﬁhﬁﬁﬁa@(ﬁalhee‘{ ie{'cldgﬁ%[‘g%‘l}s‘_of the di_sappear ance %tlsgegyl ated
TNF i nhi htéades Bromashevpl aismea T heRe at a8t RS- 11w g‘r"bllo‘hg‘é ron. ... of
haIf-Iivesiﬁsaggggﬁ§ﬂa@rf&aéﬁdiﬁ@iaatdeﬁre&sg&qﬂe&nmic!earance for the
pegyl ated wol écul es’, conpared to nogég%9§I%p%ﬂyll%%éghiglgﬁé (Tabl e 4).
The decr epsecipipiadsin c| eBpeRte Ps“EEASTSt ént Wit h an anfi ci pat ed

si ze-r el at g oUeEr &9 i Ft@lanBell AngREREACHENFISHEST BoFebPfary 2004 - 60
filtration_of the peavl]at LasS Y nkhe Jd deysra,. Because of the
probabl e qBERYAT %?ﬁ??%r??égggp%egn fFats and humans in pl asma

cl earance nechani s L r, it is apparent that Peg' YJat_; On
will sinilarly i mQ%e d heowbartre okhnebitopr epentdesef TUF inhibitor in
humans. 2. Subcutaneous - Dhar macoki netd for nggiyLatgd 30kDa
| NF-i nhi bi FG?HQ%EB?E?fSloﬁ'opFPé’FﬁBC a|nnte§'t ﬁﬂz%/‘%f pegé}g'%e% %ar i nhi bi t oz-
have been ehmryr4eibnedthioldcdwibig iuiar abReteaFRfedl 4725 the nol ecul es
"to -rats. %@ﬁial bl ood sanples were drawn fromthe tail vein and assayed
for non- pegfy‘?

ed or pegylated TNF inhibitor concentration vs. time curves
and are plotted in Fig=e

EYXAMPLE XVII: PREPARATION OF ITTL.—2 INHIBTTOR
HETERODUHBBELL

A PEG-linked heterodumbbell may be formed by
first pegylating IL-2re in the presence of an excess oI
pis-maleimido PEG. The singly pegylated IL-2rc may be
purified and JIL-2r8 added to react with the remaining
reactive maleimidéuéfoup'td form the heterodimer.

Poteﬁtial sites for PEGylation of Ti-2rc
include both the aminc and carboxyl terminal residues,
tﬁe two N-linked glycosylation sites, as well as the
native free cysteine residue in the molecule. Cysteine
residue 192 in the soluble extracellular domain cf II—
2rac has 5een idehtified as being uninvolved in
disulfide bonding. (Miedel et al. BBRC, vol. 154, Pg.
372 (1988)). This cysteine-residue lies in an epitope
of an anti-IL-2re monoclonal antipody that does not
affect IL-2 binding to IL-2ra (Lorenzo et al. J.
Immunology, vol. 147, pg. 2970 (1991))- This indicates
this residue is a likely candidate for PEGylation
without affecting the activity of IL-2ra.

‘For IL-2rB, the potential sites include both

-

the amino and carbbxyl rermini, the 4 N-linked
glycosylation sites and a region (a.a. #108-118) that



17. The subcut aneous pharnmacokinetic data (Table 4) g ﬁTM N
systemic availability for the pegylated nvolecules, @4 si ze of

the PEG and related to subcuta ' neous injection in non optl zed

fornmul ations. Table 4 also reveals a positive intluence, of pqgylatiQ on
"the nean residdnce tinme for subcutafeaus.ly inj ected TNF inhibitor. As
the size of. the PEGis increased, the nean reS| dence tine is generally

i ncr eased 29V VBLKBE, tPi A regipp Pheé’r1§°1°9H1C§ iSHFBESECIRCE  JBI y t he
resulf 0'&H%Zﬁhffhéleéy&hQE@ble&H&D&Fbemﬁ%ﬁW@Hﬁﬁhiﬁ&téﬁ | dﬁrﬁ
circulatio er an_absorption |tine el ayed, cl earance
once the p?é'té Ig?g HD %h‘ sr}t fe $%s ‘4‘@[49% % Fon is

pr of ound Mwﬁ-iﬁnnaﬁrpnoaék’tsh@ Oﬁhmmmersetqm%kﬁal a@l@rreéeﬁtmrat aneous
TN 1 b ad SoNHTRER: OXAVBILROisoatluFldd DLRE: \ERAATED PROTETNS

Resul ts of sol ubi | uyare , vitown 1n Figure 18  Solubility curves
are shown FfEc'ﬁY%"hFéQn EI" %&@Hﬁ*?’l\? €S 30 SRR c84 IL-Ira
REPLACIVEN'E&HEduﬂbEeb.IlumeZﬁMlé 61 PEGasoo The experinments were
preformed at 37Cin a mcroliter plate with all proteins at 160 Fag/m .
The plate was sealed with a cover and then read in a plate reader at 405
nm at var i¥EXEME e XNd -7 PR3 _-.f_u_il_'s_.!:a- OF HEREROINIMBR LS AREI@H| cati on of

pr at ei a pEuELBLAT L Lol s ENTHRAY ': el it Dlabnig i WE S M“nmount of
protein falling o of SO|ﬁtLOI’lfOI§ he Iat%d sanple relative to
native IL- ra. SDﬁE'ﬂ'I\F’? B Br ¢ BhLE FF"?% 3GRDEENCATHI ST cannot be
concent r atsyistemnbryet leeerd idegad£i ddldreivicipn&EGY | avhencft BResol ubility

was i ncr eased fnbeatie Prdihe DUNRHLGE RRERARAT! SLOE; LL- 3! NH BI TOR

called CR1l (complement receptor 1l). The soluble form
of CR1 has bheen examined in in vivo models of diseases.
The complement inhibitor inhibits post-ischemic
myocardial inflammation and necrosis (Weismén et al.
Science, vol. 149, pg. 145-1S1, 1890), reversed passive
arthus reaction (Yet et al. J. Immunologv, vol. 14§,
Pg. 250-256 (19291)), and allograft rejection (Pruitt et
al. J. Surgica) Research, vel. 50, pp. 350-355 (1991)) .
The soluble CR1 binds to ¢3b and C4b. It
consists of 30 short consensus repeat se&uences (SCR) -

Most of SCR contain one possible glycasylation site and
four cysteines. All of the cysteines are likely be to
involved in disulfide bonding. SCRs 1-4 are found to
be involved in C4b binding. Two separate portions of
CR1l, SCRs 8-1ll and SCRs 15-18, are invelved in C3b
binding (Klickstein et al. J. Exp. Med., vol. 168, pp.
1699-1717 (1988); Kalli et al. J. Exp. Med. vol. 174,
PpP. 1451-1460 (1991)). According %Yo this invention, it
is possible to produce a heterodumbbell which contains
the C4¢b binding domain and the C3b binding domain of
CRL. | '

The SCRs which contain C4b binding and C3b
binding domains of CR1 may be cloned using PCR. These
SCRs will be SCRs 1 through 5 (C4b binding) and SCRs 8



A PEG linked heterodunbbell may be fornmed by first pegyi ERJQéI—'*IE ch I n
the presence of an excess of bis-maleimdo PEG The sin bﬁ@ﬁ

IL-2ra may be purified and ..;E. L-2 rji added to react. e remsu ni ng
reactive naleimde group to formthe het er odi ner . Potentlal sites for

PEGyl ation of 11-2ra include both the am no and carboxyl term nal

residues, the two N-linked glycosyl=®4on sites, as well as the native

free cysteine residue in the nolecule, cysteine _r ikh the sol uble
extracel | thapugdndis. (AP Pineangds bdbBF SFitT f"’é‘ggagH e%ﬁé uni nvol ved in

di sul fi desbpedinig: Hl eleheet ial Z.BBBLI exiprdsR opgvecter - (1986)). This

cysteine resid | i Sr- ' -£RLE f Nthebiaedr a a;onocl onal anti body
t hat doesé-ﬁﬂf—li;f % +€s§8b§ng gﬁﬁt‘“’oﬂ‘ﬁﬁ’a%éé Loreneo a? i m’runol ogy,
vol . 147 ppga.ﬂsem ( 1D92) FUCTRES Pdesicaas 't%“’“ 's’FdGEa é’z§d|

candi dat eﬁ_ Qr ‘_J? égg 0fo MhﬁoF, 13idhertdingpdhpcant i vihyvatend - 2r a. For
I L-2rp, e u

potent | aI sites include both the gm,egcagq 8boxy| termni,
the 4 N - FRYBSRNYFYE 0% I’&?‘F&ﬁ‘ GENES NRY- T reglﬁ‘ﬁ —(a.a. #% 8-118) that
REPLACNENEuSﬂEETtuﬁeFﬁéttiaeyaﬂﬂ@m MBAd srashihas te gysdgiane-of bi ol ogi cal
signifi Caﬁ'%ﬁ? %seeg’ﬁ” n%g%r )ghtg%%é elddsresept gk t¥esipggira, Longnore
u

and Lodi s 1990) ). Paqint Tlidg’r?lt gnal anal ysis
of ot her mesiefelein Pﬁésrlée-@ptﬁir*ses rﬁ@#’a‘i’% Y%{F"&W‘f o Tation of
ot her si tgbill% VES:k ah @iddhair Watshopl | tekmpneerdsdsiuen aheSCR

W G 1 R e SR el AsTRE TR PR EE (i GURREN TERy pr ot of ns

whi ch regwiateht hentadm eremxtzy stearaine beeFhedGRFEIPR: and cl oned. Sone

of them it ARR 298 ARIE1 DS ONSe O oh B8 riRM¥EMPBi®d Nsotrs  cal | ed CRL
(compl emen Léﬁiggt%%G)ﬁofgghfSEUblgefﬁﬂk linked heterodumbbell

may be produced by the two step process of Exazmple XIV.
Purification may be carried out by ion=-exchange
chromatography:

EXAMPLE XIX: SYNTHESIS OF AN L-lra BIS(MALEIMIDE) -
ELET DERIVED: GROWTH P’ACTOR 'DEPTIDE PEG
HETERODUHBBE’LL '

i

The platelet derived growth factor (PDGF)
peptlde YGRPRESGKKRKRKRLKPT is described in Xhachigian,
L. et 2l. J. Biol. Chewm., vol. 267, Ppg- 1660-1666
(1991). A terminal C was added to permit coupling to
the maleimide.

The heterodumbbell was synthesized in two

steps. In the first step, 1.6 nanomoles of IL~lra
suspended in 3 gl of 0.05 M Hepes buffer, pH 7.5, wWas
mixed with 6.4 nanomoles of bis-naleimido PEG ey,
dissolved in 11 ul of the same buffer. This reaction
was carried out for 30 min at 20'C. In the second
step, 32 nancmoles of the PDGF peptide dissolved in 4
ul of-9.2 M sodium phosphate buffer, pH 7.0, was -added
to the. products of the first reaction. The reaction
was allowed to proceed for 1 hr at 20°C. The reaction
was then terminated by the addition of an equal volume
of SDS—PAGE sample buffer containing 30 umoles of 2—



of CR1 has been examned in in vivo nodels of dlseaqggpLAgthﬁqﬁpé

i nhi bitor inhibits post-ischemc nyocardial inflammationy gl &g b@&ls

(Wi sman et al. Science, vol. 149, pg_ 145-151, 1990), reversed passi ve.
arthus reaction (Yet at al. J. inmunology, vol. 146, pg. 250-2S6 (1991)),
and allograft rejection (Pruitt et -e$4-J. Surgical -Research, vol. 50, pp.
350-355 (1991)). The soluble CRL binds to Cab and C4b. It consists of 30
short con@ﬁ?ﬁﬁ??@ﬁ%%%“@équences (SCR). Most of SCR contain one possible

gl ycasyl ation sitgaaipded @i tsh@t d@scrA Gf ofhe hgiepst eitees care |ikely be
i nvol in d| If|de bo R re found to _be i volved in
Oib bi ndi §5e Herether At e 8%§°8F°scﬁr B WRLCtR (CSORE B 15, are
i nvol ved mmz)mm ndsngel Kl eskeppiropgtiajle mplagrD.advbsdeighbl . 168, pp.
1699- 1717&&%& *%?éi—é g& abatda Eﬁﬂsn%ﬂ%s\tolm 1a741 5 Pp. 1451-1460
Accor |n o]

(1991)) hi's |nvent| IS possible to produce a
heteroduMBﬁQXaQ%N%ﬁméﬁﬁtgFﬁs“nﬂﬁ@ 25 ﬁPﬁmlﬁyﬁﬁﬂﬁﬂrF%wh the Cab bi ndi ng

domai n of cddMasdbe SCRs.whirhle eart-aidepCilitidngarg £8b bi nding domai ns

of CRL may, n g.P -9 l.thro gh 5 (C4b
bi ndi ng) aﬁgfﬁéiéhggRééﬂﬁcﬁﬁﬁ$l§g§§% * ruaF?‘ﬁ%U%gBES lfﬁrB gh 12 (C3b
bi ndi ng) *hRhehgearedunbbailig th@m¥°ﬂ9&%§Qhﬂ/1ﬁ%cﬂfwﬂnhlatartlnqo~
expressi o epFfrwadhBonbEréel toXHREIRMAHYAI NG O;Ff%@et{fsf-ghé gd and

purified. The spccess of réfolding c-an be anal yze the capacity to
bi nd pol yERFOFLPBryAtb--In vitro nutagenesis of these genes may. be
carried out to stilisd igrdducasi o ahtnﬁlﬁstdstepld&etﬁa)ﬁhaﬁﬂiﬂme These

cystel nes Jy {ReRsBEalsailo Lt 1SRRG TRCLE. o PORBLY! 881 oS o

PEGyl ati on w | cos lon site “or resi due of
SCR 5 an&W&?lnTﬁeSe@baﬁ%h -ng %f@kﬁqﬂ‘iﬂeﬁ% mﬁslswﬂla@hdcont ain

an extra apsteateohoekbBhagdeb@Honategraphy due to the abundance
of basic amino acids in the peptide.

It is to be .undgrsto_od that the application of
the teachings of the plresent invention 'Eo a specific
expressien system or pegylation reagent will be within
the capabilities of one having ordinary skill in the
art in light of the teachings contained herein. Thus,
it ' will be apparent to those of ordinary skill in the
art that various modifications and variatiens c¢an be
made in the process and products of the present
“invention. It is intended that the present invention
covers thesé modifications and variations provided they
come within the scope of the eppended claims and their
egquivalents.



term nal residue coufd be constructed and used for
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Purification nmay be,
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reaction. The products of the first step of the reaggmmcigBRTRSESP! at ed
by cati on exchange chromatography on the resin S-Sephargsgy, %2004
het erodi mer may he isolated by cation exchange chromat ograp |[|y due to the
abundance of basic amno acids in the peptide. It is to be understood that
the appli cation of the teachings of the present invention to a specific

expression system or pegyl ation reggent will be within the capabilities
of one having ordinary skill. in thessartYin |light of the teachings
contai ned herein. Thus, it' will be apparent to those of ordinary skill in

the art that various nDdlflcatlons and variations can be nmde in the
process and products of the present inyvent

___Q________p_________J_Q_n,_Lt_m_Ln.t_e.n.d.ed_Lha.L._L
present iNVeNtion Cowesd pPuarhsass rmﬂ'i‘fl _ % pe é‘F‘FﬁE‘; dﬁg&é} B SYPHEH t hey

come within the scope ofPEﬁfg“@pe _ I 5soQUiTieal €Ntfaoo
REPL ACVENE S Srfpfinaery- 2604 VPSR T uary

2004 type of pegyrauoa = PEG toncloa. |ntravenous hnr macoki neucs PEG An
nunber of aniatiats -nwcrstleMy‘stacc rr?l kg £ Pl.gsma cjtaran n ni kg
- plasnma mean rtti d?fmlfyﬂ‘fggﬁ%:v ), hrZ% E]?&ur diaus Fhar mébki ndiscs
nunber of a 1&,@@“&@( ct,gm.g ai | abi igsgy, pI asma ngan rrsgdencgetine
(s.=), hr : nean abso rp Lion tine, hr =

subcutancous pharmacakinetics

numbcr of anirmzls = 2 2 1 1 2z 2

systemic availability, % = o9 25 &S 9 a9 3

plasma mean residence tme (s-), kv = s 70 20 12 17 30
mecanabsorption lime, br = 3.1 47 6.0 52 10 1

* relerenced (o CLUS intravenous pharmacokinelics
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(modC10SCL05C OCla5d ayClUs MCI 085002AVE35001000020000 22244 ry 2004
23024014034093130 11.01.70.170220. 160. $7 03723146. 81019 22112
492565293934 3S7.02012. 1730 3..1 4.76.0527.0li rcicrcnced to ClUs.

I ntravenous pharaacoki netics 67 REPLACVENT. SHEET 9 February 2004 We-claim
| 1. |L-Weeldmtor antagoni st wherein cysteine residue 116 is coval ently
attached to a non-peptidic polyner. 2. A mutein of polypeptide, nodified

to contaign gty lr&fepzorgﬂ%g?ﬁef@ﬁ%ﬂfﬁcﬁv&ﬁéﬂe&ﬁmﬁ?é isdéb%a@ﬁg%gmeagé %on- nat i ve

pol ypeptide is sefecte rom receptor antagoni s sal

cysteine Bﬁ-ﬁ}fetr' blé Is found at amno acid residue site 0, 6, 8, 9, 84
orl 41 anf§ ,SP&@{S; }yﬁ%erat position 116  is replaced w th another-am no
acid; or .30 kDa TNF-inhibitor, and said non-native cysteine preferably is
found at amno acid residue site 1, 14, 105, 111 or 161; and wherein said
non- nat i e Aysuteind polypeptide, medified td eontgin iableastiope eonalatine bysteine ached to a
non peptidic polymer, said non-peptidic polyner being selected from

pol yet hytesitne, whyei said pblypestidd ie Beteled §@kn: pol yoxyet hyl ated gl ycerol ,
-dextran, colonic acids, poly D-amno acids or carbohydrate polyners. 3. A
nmet hod for the preparation of a polypeptide of claim1l or 2 Connprised of s

altering the N saj Jon . S dizrect t agenesi s
fo cronte a SEnaocany i painic it AR XACRIE RS bt I g W 107
least one  nop:RAL hotd SR, 658! §%% or141 and the cysteine st position 116

|

is replaced with another-amino acid; or

30 kDa TNF inhibitor, and said non-native cysteine preferably is found at amino

-acid residue site 1, 14, 105, 111 or 161; and

wherein said non-native cysteine of said muteif is optionally covalently attached to a
_non-peptidic polymer, said non-peptidic polymer being selected from polyethylene
glycol, polypropylene glycol, polyoxyethylated glycerol, dextran, colonic acids, poly

B-amino acids or carbohydrate polymers.

3. Amethod for the preparation of a polypeptide of t':laim 1 or 2 comprised-of :

altering the gene coding for said polypeptide by site-directed mutagenesis to
create a gene coding for 2 mutein of said polypeptide containing at least one

non-native cysteine residue;

expressing said altered gene in a bacterial expression system;

purifying said expressed mutein;



expressing said altered gene in a bacterial expressigp SASUHENT sHitEt fyi ng
sai d expressed nutein;, REPLACMENT SHEET 9 February 200493%bh%ﬂ9b oAg said
mutein in the presence of a sulfhydryl-containing conpound; reduclng said
refolded nutein with a mld reducing aggnt to free said non- native
cysteine; and reacting said nmutein with a non-peptidic polynmer group
containing an activating group that is suithydryl specific. ABSTRACT
PEGYLATI ON OF P EPTI.DES ., Co unds are dis i.ng the genera

For mil a. RL-x. ISR T IR g tes P of 4R SBG Tl Rl e Mpeifs

| east one of which is polypeptide, X is non- pepti di c pol yneri c group.
RL and R2 may U&IYgiRS &4 f@ﬁe@mfwﬂ &h@l.amﬁ%f@#rs@a aﬂintéﬂ&%mm‘g@mps are

i nterleukin-1 receptor antagoni st 30Da TNF inhibitor, interleukin-2

receptors and GRtivaepsteineeinds t hereof. Also included are site selectively
nodi fied interleukin-1 receptor antagonist and 30kDa TNF i nhi bitor.

reacting said mutein with a non-peptidic polymer group containing an activating

group that is sulthydryl specific.
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ABSTRACT

PEGYLATION OF POLYPEPTIDES

Compounds are disclosed having the general formula R1-X-R2,

wherein R1 and R2 are biologically active groups, at least one

of which is polypeptide, X is a non-peptidic polymeric group.
R1 and R2 may be the same or different. Preferred R1 and R2
groups are interleukin-1 receptor antagonist 30Da TNF inhibitor,

interleukin-2 receptors and CRI and muteins thereof. Also

included are site selectively modified interleukin-1 receptor
antagonist and 30kDa TNF inhibitor.



